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(57) Composite compositions containing, as the 
major components, fine hydralable microfi>ril fibers 
obtained from cellulose or derivatives thereof and a 
solid capable of swelling with water, wtierein at least 
part of ttie surface of the sdid is coated with the fine 
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The solid capable of swelling with water is exemplified 
by particulate polymer absorbents to which short ifb&s 
have k>een added as the third corrponent. These com- 
posite at>sort>ents may be located on supporting sheets 
made of. for exarrple. a nonwoven fabric to give com- 
posite absoriaent sheets applicable to various absorbent 
products including diapers for infants and adults. 
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Description 

Backgroiffid of the Invention 
Held of the Invention 

[0001 ] The present Invention relates to a new type at)80ft>ent composite wherein a water swellat)le solid kxxly. partic- 
ularly consisting of particles of various sin and shapes from powder to pellets is improved in functioning and handling 
characteristics. More particularly, the present invention relates to a highly absort>ent composite conrposed of of contain- 
ing an absort>ent polymer as a water swellable solid body and having a shape entirely different from conventional 
at)sort)ent materials and a capability of stably absortxng a liquid of much higher quantity than its own volume and to a 
highly absorbent composite mainly composed of the composite. 

[0002] The highly absort>ent composite of the present invention can widely be used in diapers for babies and adults, 
feminine hygiene products, products for handling liquid and solid wastes of animals, and medical blood absort>ent prod- 
ucts just like conventional highly absort)ent products and thus is particularly useful as a super thin pulpless ab6ort)ent 
making the best use of the caf»bilrties of a socaOed ab6ort)ent polymer. In addition, the at)sorbent composite can be 
used for a coU insulator, water fiokiing material, an anti-dewing material, covering material of sut)marine cables, mate- 
rial for preventing water related accidents. 

[0003] In addition, the presem invention relates to methods and apparatuses for rnaking^^ 
the composite mainly composed of the at>sort>ent composita 

[0004] Moreover, the present invention relates to an absorbent sheet which provides also the leakage resistance of a 
conventional backsheet when the absorbent composite is used in absorbent products in combination wrtti various sheet 
substrates, to an absort)ent sheet whk:h provkJes also the acquisition capability of a conventional topsheet when the 
absort>ent composite is used in at)sort>ent products in corrtxnation with various sheet sut>strates. and to an absorbent 
sheet which can be used alone providing also the capabilities of conventional backsheet and topsheet. 

PriqrAft 

[0005] A main ak)sort>ent component used In a absort>ent product which at)sort>s water and liquid exudates, is com- 
posed of a connbination of fluff type wood pulp and so-called super absort^ polymer (hereinafter refenred to as the 
'SAP"). However, in recent years, in order to irrprove the distribution efficiency of absort>ent products, to reduce the 
inventory and display space thereof, and to save natural resources, social needs for reducing the dimenstons of other- 
wise relatively bulky absorbent products are becoming strong. 

[0006] A means for making an at)sort>ent product more compact and ttunner. in a combination of SAP and pulp^ would 
be to inaease the content of SAP that has a higher at>sort}ency than ttiat of pulp by 2 to 10 tinnes and accordingly 
decrease ttie content of pulp. Eventually, if the content of the SAP is made 1 00 percent the thinnest and most corrpact 
absort)ent product woukJ be able to t>e obtained. 

[0007] However, as the content of the SAP inaeases. when it absorbs water, so-called 'gel blocking phenomenon' 

due to the characteristic of SAP occurs. Thus, the absort>ent product does not work as designed. At the present time. 

it is said ttiat tiie ratio of the corrterrts of ttie SAP and pulp is at most 1 to 1 . A structure in whk;h tile rati^ 

of ttie ttie SAP to pulp is 2 or higher to 1 , or so-called pdpless in which ttie content of ttie SAP is neariy 1 00 percent is 

very difficult to achieve at the present time. According to ttie conventional concepts generally applied in ttie fieU of 

absorbent products, the term Ipufpless' means tttat ttie ratio of the contents of pulp to ttie SAP is approximately 1 or 

lower. 

[0008] So tar. various attempts for the pulpless structure have been made. A ifber type or web type SAP is made by 
directty spinning into acrylic add type f a>er or partially hydrolyzing acrylic add type f toer. Anottier mettiod is to make a 
web type absorbent polymer by impregnating a web witti a monomer such as acryfic nionomer and ttien polymerizing 
ttie monomer applying ultravidet ray a election beam. StiUottierrnettiod is to niake an absort>^ 
boxymettiylating a non-woven fabric of cellulose or the like and ttien partially cross-linking the carboxymettiyl cellulose. 
[0009] However, so far. no successfully commercialized exanples have been reported because of high costs of raw 
materials and high capital investments involved. 

[0010] Liquid exudates discharged from living bodies are very different from each ottier depending ipon ttidr envi- 
ronmental and living concfitions, and the frequency of dischar^ng is not constant among ttiem. Therefore, absorbent 
sheelsusedin many kinds of absort)entprodiJCts need, respondng to varied environs, to exhibit stably ttie capidxiity of 
absorbing qukMy and frequentty. 

[0011] As described above, a conventional two component (pulp and ttie SAP) absort>ent is capable of meeting ttie 
need of frequentty absorbing to sonne extent by taking advantage of ttie temporary retaining by pulp of Ik^uids and ttie 
stably retaining by ttie SAP of liquids. However, an absorbent product in whk^h ttie content of ttie SAP is made high or 
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the SAP alone is used in order to secure high absorbency has a serious drawback; upon a liquid being discharged at 
first the SAP starts to absorb it all at once and thus an initial absoft>tng is very speedy but as the discharging is 
repeated, the absorbing speed drastically decreases. 

5 Summary of th e Invention 

[001 2] A first embocfiment of the present invention provides a highly absort>ent composite comprising hydratable fine 
fibers in the form of microf bril obtained from cellulose or an derivative thereof, and water swellable solid particles, at 
least part of the surfaces of said water afveilable sofid partides being covered 
10 fibril. 

[001 3] Said hydratatjie fine f 3>ers in the form of microfbril obtained from celluloee or an derivative thereof useful in 

the present invention will be hereinafter referred to as the "HFFM". 

[0014] The absort>em composite can be fornied in a three dffnensional structure 

pen^ type, sheet type, and any other type, and also in a sheet type with a SM^^ sheet of a non-woven fabric or 
75 the like as tfie base. 

[0015] The preseminventk>n further prcvkJes a niethod of nriaking the ab60ft>e^ 

the steps of disp^ng a water swellable solid body and the HFFM. in a disper6k)n medium comprising a mixture of an 
organic solvent and water, the organk: solvent being capable of controlling the swelGng of the water swellable solkl body 
and dispersing the HFFM and thus being miscisle with water, of separating the water swellable solkl body and the 
20 HFFM from the resultant dispersk)n fiquki from the disperskDn medium, and of removing the Ik)uk1 conponent and of 
drying them. 

[0016] The at)sort>errt composite of the preseminverition is bask^ally a composite of a 

the HFFM covering the solkl body. Examples of a water swellable solid body are various kinds of polysaccharides, f kx;- 
culents. s^>er water afveDable absorbent polymer (the SAP) particles and the lik& Among them, a drawback of the SAP. 
25 which is that the SAP is not easy to handle and Store because Of rts high water absort>ency. can b^ 

it with the HFFM according to the present invention. In addition, in a structure in whfch the SAP particles are bonded 
together with the HFFM. the SAP partkdes are each heU in posilkHi by the HFFM and an appropriate space surround- 
ing each partk:le is secured. Thus, an extremely thin at>sort>ent sheet is obtained. 

[001 7] A second embodiment of the present inventk)n provUes an absorbent sheet, wherein a supporting sheet and 
30 an absorbent layer provkf ed on at least either surface of the supporting sheet are provkJed and wherein tfte absorbent 
layer has the HFFM, the SAP particles, and a short-cut staple fiber component having longer fiber length than the aver- 
age particle diameter of tiie SAP particles and has an inproved dimenskwial stability when wet swollen. 
[001 8] In the present invention, the short-cut staple fiber component having longer fiber length ttian the average diam- 
eter d tiie SAP partides connects tfie SAP partides with each otfier and at the same tirne pro^ 
35 which covers in networidhe top suriace of a layer fonned by the SAP partides and thus serves to prevent the SAP par- 
tides as wet swollen from going away. 

[001 9] The present invention furttier provkJes a method of making ttie absorbent sheet The mettKxi comprises the 
steps of preparing a ttiree-component cfispersion slurry by adding and dispersing a short-<:ut staple f ber conponent 
and the SAP partides in a dispersion Ikpjid wherein tiie HFFM is dispersed in a dispersk)n medum, of Ibmiing a layer 
40 of the slurry bf spreading the three- conponent disperston slurry onto a stpporting sheet, of removing the disperskm 
medium from the slurry layer, and then of drying. 

[0020] The absort>ent sheet of this emkxxf iment of the present invention consists of four components the SAP parti- 
des, ttie HFFM. a short-cut staple ftoer component, and a substrate fabric supporting them. The SAP partides are a 
basic component giving a water absort>ing cajaabOity. The SAP is available in various fbrnis such as film and non-woven 

45 fabric besktes the above desolbed partides. 

[0021 ] The HFFM prevents the SAP from settiing as the dispersion stabilizer and also the SAP partides from coagu- 
lating witti each other in making the ak>sort>ent sheet of the present invention and, after the absoft>ent sheet is made, 
play tiierde of a binder to bond ttie SAP partides together and the SAP with ttie substrate fabric The shortKXit staple 
fiber component takes ttie SAP partides into a networic structure in cooperation witti a supporting sheet by divUingttie 

so SAP partides covered wHh the HFFM and ttien covering the SAP partides In a network fbrni. 

[0022] A ttiird embodiment of ttie present invention provkJes a composite absort)ent sheet, wherein, in an absort>ent 
sheet provkJed witti a Ik^uki pervious supporting sheet and an absorbent layer containing ttie SAP partides as bonded 
onto eittier surface of the IkfukJ pervious supporting sheet ttie absoft>ent layer forms a plurality of high absortring 
regons having higher absort)ing capability ttian ottierwise as distributed onto ttie suriace of the Oquki pervkxjs sypport- 

55 ing sheet in a desired pattern. 

[0023] In the composite absort>ent sheet of the present invention, a Ik^ukJ such as discharged Oqukf exudates, wfien 
it comes into contact witti suriiace of ttie lk)ukf pennous supporting sheet of an absorbent sheet i.a. ttie surface where 
no absorbem layer exists, is first absorbed by ttie lk)ukJpennous 81^^ penetrates inskle ttie sheet by virtue 
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of the liquid permeability, then diffuses, and contacts and is absorbed by an absort>ent layer provided in contact with the 
opposite side of the surface where the liquid was cBscharged. The speed of at>sorption of the at)sort>ent sheet as a 
whole is detenmined k>y the speed of absorption and diffusion into the liquid pervious supporting sheet and by the speed 
of the sweOing and the absorption which occur in succession from the sivfece of the absort>ent layer into its inside. 
5 [0024] Therefore, if there is any cfifference in the thickness or density of the absort>ent layer, as a liquid is discharged, 
the swelling and absorption progress first from thinner regions or regions of lower density Also^ if there is any (ffference 
in partide diameter of the SAP particles contained in the absort>ent layer, the swelling and absorption progress first 
from regions of smaller diameters of particles. A basic concept of the present inverrtion is that differences in absortxng 
capability caused by distributing regions of higher absorbency onto the sur in a desired pat- 

io tern are made to be reflected in differences in swel Gng and absort>ing speeds. 

[0025] In addition, by giving in-egularty shaped circumference to the absorbent layer, the length of the circumference 
is made much longer than a straight or simply curved line of the circumference which would be if the irregular shape 
were not given, and therefore, a liquid once absort>ed t>y the supporting sheet is absorbed rapidly by the ab8ort>ent layer 
having the long contact Gne so that the absort>ing speed is thus further inp^ 
IS [0026] In order to distribute and form in a desired pattern the component forming the absort>ent layer onto the sup- 
porting sheet, a method of making the component a slurry and applyng and fixing the slurry onto the supporting sheet 
in a desired pattern meeting objectives is effective. The method needs to consist of a dispersing step where a slurry 
dispersfon fiquid containing the SAP particles is prepared, of a coating step where the dispersion liquid prepared In the 
(fispersing step is applied onto the surface off the liquid pennoussupp sheettoformapluralityof regions of higher 
20 absorption drstnlxjted in a desired pattern and having higher absorbing capability than otherwise, and of a drying step 
where the absort>ent layer formed in the coating step is dried. 

[0027] In addition, the present invention provides an apparatus for working the metfKxJs. The apparatus comprises a 
plurality of nozzles for applying a dispersion slurry liquid containing the SAP particles in bands onto either surface of a 
liquid pervious supporting sheet running continuously and a supplying means for supplying the dispersion slurry liquid 
25 to the nozzles* and is characterized in that the siipptying means has a mechanism of pulsating the flow of the dispersion 
liquid. 

[0028] The present invention further provides an apparatus for making an absorbent sheet wherein a plurality of noz- 
zles for applying a dispersion sluny liquid containing the SAP particles in bands onto either surface of a liquid pervious 
supporting sheet running continuously and a supplying means for supplying the dispersfon sluny liquid to the nozzles 
30 are provided, and wherein the nozzles each have a pluraHty of discharging outiets. 

[0029] The apparatus can be provided with a hot pressing means lor pressing the fiquki pervious supporting sheet as 
heated after a dispersjon slurry liquid is applied. 

[0030] A fourth entxxJiment of the present invention provides an absorbent tube, wherein the absort)ent tul>e is com- 
posed of a supporting sheet consisting of a iher web and the SAP particles or fibers supported by either surface of the 
35 supporting sheet and wherein the supporting sheet is formed in a tube shape with the surface supporting the SAP fac- 
ing insida 

[0031 ] The absort>ent tube of the present invention has a novel threedimensional structure, wherein a space for the 
SAP to swell is provided as the inherem stnjcture of the absoit>em k>y formic 
ttie SAP. 

40 [0032] In the absorbent tube of the present invention virtue of the above descrfoed structure, an absolute quantity 
of the SAP existent in a unit area Is approximately two times as much as that of an absorbent of a plane structure, and 
the absorbing capability of a unit areaisalsoapproximatelytwotirnesashighasthatof an absorbent of a plane struc- 
tura In addition, in the at)sort>ent tut>e of the present invention, t>ecause the SAP is supported as attached onto ttie 
inner wall of a tube shaped supporting sheet, an adequate space for swelling is secured, and even if the SAP has swol- 

45 len to its maximum absorbing capability absorbing a lk)ukf. the absorbent as a whole still maintains its flexibnity 

[D033] Various types of absorbent sheets have been spreaded so far. In order to make tiie function of an absorbent 
as used in an absort)ent product exhibit to its maximum, the absort>ent before it absort)s a liquid needs to be very ttiin 
like an undenwear so that a suff rcient space for swelling needs to be provkJed not to prevent the swelfing of the absort)- 
ent The present invention satisfies the need adequately, and provties an absort>ent exhibiting an outstanding absorit>- 

50 ing capability as assisted kiy the capability of a supporting sheet to diffuse a Ik^uid. 

[D034] The present invention further provides an absort>€nt product wherein a absorbent tube consisting of a highly 
absort>ent composite having a three^fimensfonal structure as described In the above is cfisposed in regfons of desired 
absorptions as an absort>ent oora The absort)ent tube of the present invention is flat as not yet swollen and extremely 
tiiin Oke a crushed flat hollow tube, and when swollen absorbing water rises up as it as a whole swells with the cross- 

55 section area showing a nearby circular shape for the inskte vacancy is filled witti the SAP which increases in volume as 
swollen. In the absort^ent product of the present invention, a single at)soit)ent tut)e may be cfisposed in ttie absort)ing 
region, but more preferably, a plurality of absorbent tubes are disposed in parallel. In ttie latter case, ttie structure is 
more stable and more flexUe. and rnay more snioottily folfo^ 
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uct 

[0035] A fitth embodiment of the present invention provides an absorbent sheet, v^erein a liquid impervious sheet 
material one of whose surfaces has many dents and absorbent material received and fixed in the dents are provided 
and thus leakage resistance and absorbing capability are iirparted at the same time. In this embodiment of the present 
5 invention, the at>sort)ent composite forms a structure where in the many dents provided on one of the surfaces of a liq- 
uid impervious sheet material, absort>ent material containing absoft>ent polymer particles is fflled. The conposite 
absorbent has leakage resistance and absorbing capabiTity at the same time satisfying the following requirements: 

(1) Aliquid irnpennous sheet rnateriat having dents on its surface, and, preferably, air pernn^ 
10 proofing is used. 

(2) Absort>ent material having such absort>ing capability that is as high as possible is used. 

(3) Absorbent material is f Oled and fixed in the dents. 

[0036] The commonest form of material having a structure of dents as used in the present invention is f lexft>le ther- 
IS moplastic film such as polyethylene, polypropylene, and EVA of approximately 5 to 50 micron thfckness on wtich many 

holes or recesses of given shapes are formed by mechanfcal punching, thermal forming, vacuum forming, or the fake. 

Liquid impervious sheet material can also be used ^fectively and effkaently part of wvhich has openings formed which 

are f Hied with ^t>sorbent material, to be desabed later, so that water proofing and leakage resistance are nparted. 

[0037] Absorbent material to fill the dents needs to be of fine sizes to fill a relatively small space^ and at the same time 
20 to have a high ab6ort>ing capability per a unit volurne to secure a required a^ 

to fill the small space. 

[0038] The liquid impervious sheet material is, for example, thermoplastic film of 5 to 50 micron thickness, or a con- 
jugate off 5 to 50 thk:k therrnoplastk: film and norv^men fabric. The dents forrned on 

same riquid irrpervkxjsness as othenMse. a, an altemative configuratkm is that, in the bottoms of all or part of the 
2S dents, opening or porous portk)ns which, as they are. OqukJ may pass through may exist and are stopped up with the 
absort>entmaterial. The absort>entsheetofthis configuration is liquid impennous as a whole, and at the same time, with 
the absorbent material received ad fixed in the recesses. eoAvbits a high liquxl absorbing capabflity so that it combines 
the two functions of a fiquid impervious sheet and an absorbent. 

[0039] As a method of filling and fixing the dents provkied on a lx)uid irrpervious sheet material with the SAP or 
30 ab6ort>ent material containing the SAP, a method generally appGed in making absort)en1s for use in diapers and sanitary 
napkins can be applied as it is. One preferable m^hod comprises the steps of dispersing, for exanple, the SAP and ttie 
HFFM in air cunent. of filling the dispersed materials into the dents, and of fixing the filled dents by means of hot melt. 
[0040] If each and every dent on a liquid InpervkMiS sheet material is provkJed with an opening or liquki pervious 
structure, by supplying the Oqukf irrpervious sheet rnaterial onto a a)n¥e^ 
3S slurry from above the fiquwl impervkHJS sheet material continuously, the fiqukJ contained In the slurry passes the sheet 
material through the opening or liquki pervious structure to be separated, leaving only the solid component in ttie slurry 
in ttie dents. Further, by removing ttie Ik^ukJ component and drying, the SAP particles or ttie SAP particles and ttie 
sheet material are bonded by the HFFM witti each ottier. and fixed in the positions ttiat they are situated, so that water 
proofing is imparted, toa By selecting an appropriate ratio between ttie quantity of ttie SAP and ttie quantity of ttie 
40 HFFM as well as ttie properties of ttie HFFM. preferable properties can be irnpart 
desired leatage resistance and some air permeabOity are obtained at the same time 

[0041 ] The SAP whfch is used for ttiese purposes shouW be particles, preferably, fine particles, so ttiat it may be heti 
stably in a small space, and specifk»lly. ttie diameter of ttie particles shouW be 0.4 mm or less, or, more preferably. 0.3 
mmtoO.1 mm. Very fine particles, such as ttiose of 0.1 mm diameter, can be coeodstent witti coarser particles, such as 

45 ttiose of 0.4 mm or coarser. In case fl)errnaterial such as wood pulp is rnade to coexist w^ 
tent of ttie SAP, ttie better ttie result: ttie content of ttie SAP is preferably 50 percent or higher. 
[0042] As discussed in ttie above, in making ttie composite absorbent of ttie present invention, ttie HFFM, ttie SAP 
and. as rec^iired, a short-cut staple f ft)er corrponent are dispersed In a dispersion medium. A particularty effective dis- 
persion medium is a polyvalent alcohol, iwhich has ttie tendency to be highly viscous at a low temperature and k>garitti- 

so mically to reduce in visoDsrty as heated. Specifkslly, by utflizing ttie behavior in ttie relation between tenperature and 
viscosity of a rruxBd system of a polyvalent akx)hol and water, ttie transfen^^ are carried out while ttie sys- 

tem is stably maintained which is made at a kiw temperature and highly viscous at the time of dispersion and storing, 
and ttie forming and removal of ttie BqukI conponent are made easier while ttie system is heated and hydrated at ttie 
time of removing the lk]uid component so that the viscosity is deaeased and the Ik^ukfity is inaeased. 

ss 

Detailed Description of ttie Invention 

[P04q Hereunder, ttie elments constit u ting each structure of ttie higNy absort^ent composite and the absort>ent 
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sheet provided with the absort>ent composite off the present inverrtion wfll be described. 

[0044] In a first aspect of the present invention, the absorbent oon^posite is composed of the SAP and the HFFM. 

[0045] In a second aspect of the presem invention, the absofbemconposite is con^^ 

a short-cut staple fiber component which is larger than the SAP. 

[0046] In a third aspect of the present inventioa either of the ab8ort>ent composites of the first and the second aspects 
forms an at>sort>ent sheet combined with a supporting sheet. 

[0047] If components are extracted from these absort>ent composites and these absort)ent sheets to be made kiy 
combining the absort>ent composites* the fbflowing four components wOl come out. 
[0048] Rrst of aD, each component will be described: 

(1) SAP particles 

[0049] Absorbent polymer partides. herein called the 'SAP*, are generally carboxy methyl cellulose, potyacryfic add 
and polyacrylates, cross-linked acrylate polymers, starch-acrylic add grafted copolymers, hydrolysates of starch-acry- 
lonitrile grafted copolymers, crossplinked pdyoxyethylene. cross-linked carboxymethyt cellulose, partiaDy cross-linked 
water swellable polymers such as polyethylene QxkJe and polyacrylamide. isobirtylenemaleic add copolymer, etc. 
polymer partides are obtained by drying any of these polymers. Then, after treatment is applied to increase the cross- 
linking density of the surface of the partides, and at the sanrie tinrie; a btocking 
of product partides due to absorbing moistura 

[0050] Alsa an anuno add cross-linked polyaspartic add whKh is bkxf egradable or a microorganism based highly 
absort>ent polymer which is a cultured product of Alcaligenes Latus is added, too. 

[0051 ] SAP products are available on the market in such forms as partides, granules, films, and non^woven fabrics. 
The SAP product in any of such forms can be used in the present invention. A preferable SAP product for the present 
invention is in such forms as partides, granules, pellets, flakes, short needless and the like which can be uniformly dis- 
persed in a (fisperskm medium. In this spedfk^tksn of the present tnventkm, the term "partideCs)' is used to generally 
mean any of these forms. 

(2) HFFM 

[0052] In the present Inventfon. a mscro-netwak stmcture hokJing the SAP partteles In position is f ixed with the HFFM. 
The structure prevents the SAP partides from coagulating with each other, and stat)ilizes arxJ makes uniform dispersion 
condition in making the composite al3Sort>ent of the present invenifon. arxJ serves as a binder for binding the SAP par- 
tk^les with each other and the SAP with a supporting sheet after drying is carried out. 

[0053] The HFFM is, in general, extremely fine f ixous material of 2.0 to 0.01 mk^ons in average diameter, and of 0.1 
microns or finer on average, and suffteiently water resistant to prevent the structure from collapsing immediately after 
or when the SAP at>sort>s water and so swells, and beskJes, has such properties as do not hinder the permeability of 
water and the swelling of the SAP What is specially notewortfiy here is that the HFFM has an extremely strong hydrat- 
able property of binding with water. By virtue of the strong hycbatable property, the HFFM hydrates when dispersed in 
a medium containing water to show a high viscosrty whwh serves to maintain a stable dispersfon condition. 
[0054] Acharaderistteof thehydratingpropertyof mforofibrilisahighani^ 

desired hydrating property of microfiyil after their disperskxi is centrrfuged at 2,000 G for 10 minutes as cateulated by 
the following fbnnula shouM be 10 ml/g or higher, and prefenrably 20 ml/g or higher: 

Amount of water retained (ml/g) = Precpitated volume (mQ/Microfibrils (g) 

[0055] In this specification of the present invenifon. the term "HFFM" is used to mean generally strongly hydratable 
fibrous materials in the form of mforofftwil. In some cases, the HFFM of 2.0 microns or larger in average diameter can 
be used, and may be a mixture of so-called fforils and the HFFM. 

[0056] The HFFM can be obtained by mforofibrillating cellutose or a cellutose derivative. For exanple. the HFFM is 
obtained by grinding and sufffoiently beating wood pu^ The HFFM is called 'mforofibrillated cellutose (MFC)", and if 
further fbrniated. is called "super mforofOxiilated cellutose (S-MFC)*. 

[0057] Also, the HFFM can be obtained by grinding and suff toientiy beating finely cut f ber of man-made cellulostc fiber 
such as Pdlynosic modified rayon staple fiber, Bemberg cuprammonium rayon yarn, and solvent spun Lyoceil rayon 
fiber. 

[0058] Alternatively, the HFFM can also be obtained by metabdizing mtoroorganism. In general, acetto add bacteria 
such as Acetobactor XyGrxim is cultivated, while stirred, in a rutrient containing an appropriate cartx>n source so as to 
generate crude HFFM, whtoh is in turn refined to obtain the HFFM. Such HFFM is called "bacteria cellu)ose(BC)". 
[0059] Also, 8(H»lled ffM type material whtoh is obtained by coagulating under a shear force a copper ammonium 
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solution of cellulose, an amine oxide solution of cellulose, an aqueous solution of cellulose xanthate. or an acetone 
solution of cellulose, all of wfiich can be spun into fibers. Is refined to obtain microf bril-type nnaterial. which material can 
also be used fbr the present invention. The details of the HFFM are descn'bed in Japanese Patent Examined Publication 
Nos. SHO 4e^1 and SHO 50-38720. 
5 [0060] Such HFFM Is commercially available under trademark *CELLCREAM* (made by Asahi Chemical Industry 
Co..Ltd.). 'CELLISFT (made by Daicel Chemical Industries. Ltd.). and so forth. 

[0061] MFC. S-MFC. and BC are particulariy preferable for the present invention. The technical details of the S-MFC 
are descn'bed in Japanese Patent PiWication No. HEI 8-284090 .and of the BC in Japanese Patent Examined Publica- 
tion IMcHEl 5-80484. 

10 [0062] How to use the MFC and the &MFC. (both being hereinafter referred to as the "MFC") Is explained in detail 
below. The MFC which is concentrated to apprmmately 30 percent of solid content is available on the maricet To use 
such concentrated MFC, an additional procedure of diluting and refining such MFC is required, which requires an add- 
tional time, and the concentrating needs an additional cost For the present invention, the MFC whose concentrated 
solid content is 1 0 percent or lower » preferaWa However, if the MFC is diluted to 2 percent or lower, the water content 

15 wiD become too high, and the selection of the contents of the MFC in an organic solvent/water mixture system will be 
too narrow. In case the MFC in a diluted system likB this is used, it is reconrinri^ 

in which an organic solvert to be used in a dispersion niediumfe used rather th^ microftoril- 
lating raw material pulp. Hence, a dispersion liquid of the MFC which is diluted to around 2 percent can also be used 
for the present invention. 

so [0063] How to use the BC is also descrbed in detail below. The BC is obtained as a metabolized product of microor- 
ganism. Depending on ttie methods of cultivating and han^esting. the concentrations and the Ibrns of the BC will be 
different. In order to otatain as uniform concentrations and forms as possible, a refining treatnr)ent is recommended. 
Macerating harvested and refined BC which isdiluted to 2 percenter lower by means of a mixer or adefbrator will make 
finer and more uniform HFFM in coagulated condition, and its viscosity will be much increased and its capacity of bind- 

25 ing the SAP wOl also be improved. For the present invention, therefore, the use of the BC which is refined is recom- 
mended. 

(3) Short-cut staple f ber component 

30 [0064] The preferable denier of short-cut staple fibers constituting a short-cut staple fiber conponent is 10 or more 
times as coarse as that of the MFC. The average denier is preferably approximately 0.01 denier or comer and approx- 
imately 3.0 denier or finer. 

[0065] In the present invention, the length of short-cut staple f bers constituting a short-cut staple fber conponent is 
an important element The short-cut staple fbers which are to divide in sections the SAP particles covered by the MFC 
35 and to cover the particles in a netwcxk structure need to have longer fiber length than the average diameter of the SAP 
particles. In general, the average particle diameter of the SAP avaDable on the mari<et is approximately 0.1 mm to 0.6 
mm. 

[0066] The SAP which is made 1^ dispersion polynrierization has relative If such SAP is 

used, short-cut staple f S>ers which are relatively short can adequately be used. On the hand, if the SAP in pelletized or 
40 flake form is used, short-cut staple Vbers which are relatively k>ng should preferably be used. 

[0067] These short-cut staple fibers play the role of covering swollen SAP If the short-cut staple fibers swell or dis- 
solve in the same way as the SAP. they win not be effective. The short-cut staple fibers, therefore, need to have a prop- 
erty that they will not swell or dissolve in water. 

[006q The short-cut staple fibers which can be effectively used fbr the present invention are grouped into the following 
45 two kinds: 

(0 Pulp state fibefs 

[D069] Typical pulp f bers are wood pulp obtained by digester reclaiming needle- or broad-leaved trees, linter pulp 
so obtained with cotton linter as raw material, or the lika Other pulp state fibers are obtained by shear coagulation, flush 
spinning, or spray spinning of polymer solutions to make solidified fibers: acetate (ACe) f toril. polyacrykxiitrile (PAN) 
f bnl. polyettiylene (PE) based syrrthetic fber pu^. polypropylene (PP) based syntiietic fber pulp or the like are availa- 
bla In addition, in case fine SAP is used, pulp state fber obtained from strained lees of beet or coffee beans can also 
be used as the short-cut fbers. 

55 [0070] PP and PE based synthetic fber pulps are easy to thermally nielt, and as such prefe^^ 
stable structure kiy thermal treatment 
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(d) Short cut synthetic fbers 
[00711 

• Of cellulosic f bers such as rayon, Polynosic modifiecl rayon, and Lyocell, short-cut ^aple f bers and their f bnllated 
matenals of 10 mm or shorter in fik)er length made fbr making 

paper. 

• Short-cut staple fbers such as PET PP. PVA. and PAN. and short-cut staple fbers of t)iconponentfit>ers such as 
low melting point polyester/PET. PP/PE. and PE/PET. 

• Short-cut Vbefs of very fine ftoers obtained l>y blending of different polymers, or by spinning is land-tike f bers. 

[0072] Particularty. bk»mponent f bers such as PE/PET. PE/PP. and low melting point polyester/PET are preferable 
to aim at stabirizing the SAP by heat treatment through utilizing the elf^ 

is easy to thermally dissolva Also^ those off such fibers on which an antibacterial agent or a deodorant is applied are 
preferable. 

(4) Supporting sheet 

[0073] A supporting sheet functions as fblkiws: ttirough binding tiie SAP particles covered and bonded by the MFC 
to a supporting sheet the strength and dlmensk)nal stabifity are improved, and tiie liquid to be absorbed through the 
supporting sheet is diffused and distributed, and the SAP particles are stopped up in the dents, raised fbers* entangled 
f bers, or vacandes whx^h are likely to exist on ttie sif)porting sheet so ttiat the stability is achieved. 
[0074] The supporting sheets which can be used for tiie present invention are described in detail here: In the present 
invention porous sheets such as dry lakl fluff pulp inat and its bonded sheet we^ 

woven fabric, spun lace, spun bond. melt-bk3wn non-woven fabrk;. and non-woven fat)ric made of opened tow of ace^te 
or polyester f bers can be used. A supporting sheet is preferably of a bulky structure to hoki and stabilize ttie SAP par- 
ticles in its spaces. As for the bulkiness of the supporting sheet, an apparent density as cateulated from a thickness 
measured using a thk:kness gauge (asdescrbed later) and a weight shouki be 0.2 g/cm^ or less, and preferably 0.1 
g/cm?orless. 

[0075] To obtain such bulky non-woven fabric, the fdfowlng means are taken: 

< Web comprising a combination of finer denier fbers and coarser denier fibers ) 

[0076] While coarser denier fbers are high in resilience and compresskm resistance, but a web of such coarser fibers 
is not high in bonding strength, finer fibers give the opposite tendency. Therefore, it is preferable to combine both types 
of fibers. Such combination is obtained by blending coarser denier f it)ers and finer denier fibers or laying a layer of 
coarser denier fibers on top off a layer of finer denier fbers. To achieve an object of the present invention, a two-layer 
structure, particiiarty. a non-woven fabric comprising a combination of a layer of hydrophilfc fbers which are relatively 
high in density and of finer denier and a layer of hydrophobk; fibers whk;h are relatively tow in density and of coarser 
denier, is preferabla 

< Non-woven fatxic given bulkiness > 

[0077] in addition to combining fbers of (fifferent deniers, shrinkable fbers can be combined. By shrinking such 
shrinkage fbers. an uneven suriace having dents or a corrugated surfece having furrows is made, which is a method 
off making a bulky supporting sheet as is suitable for the present invention. 

<Bulky sig3porting sheet whose surface is treated) 

[0O78] By ffocking a non-woven fabric off a smooth surface or raising a relatively thick non-woven fabric mechanfcally. 
a bulky supporting sheet suitable for the present invention can be made. 

[0079] The composite at>sort>ent sheet of the preserrt invention comprising the above-described four components ^ 
rec^ired to have ttte foltowing structure in order to fully exhbit the functions as are expected of an absoit)^ sheet: ttie 
sheet needs to have a stable structure so that when it is dry it can be fotied,slittedarvl stretched to ^ 
to be corrugated, and when it is worn to absorb body exudates, it needs to have outstanding a^ 
capabTfties, and after it is used, no SAP particles should exfoliate or come off. 

[0080] Even if the absorbing rate is high, ttie sheet shouki not have such structure ¥^feh m^ collapsa On the other 
hand, even if the SAP particles are stably fi3ffid. if the sheet takesatongtirne to absorb a^ 
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for the present invenb'on. Hence, an important requirenient of the present invention is hovv best the abov&<Jescnbed 

four components are combined in a rational way. (5) Combinations of the four oomponents 

[0081 ] Next, various combinations of the four oomponents and their advantages are described in detail below: 

(a) Combination of supporting sheet and short-cut staple f bers 

[0082] Whether a supporting sheet is hydrophilic or hydrophobic d^ermines desirable properties of short-cut staple 
fibers to be used in conibination with the supporting sheet That is to say. in case the sif^^ 
fibers such as PP and PET, short-cut staple f 3>ers to be combined with the supporting sheet are preferably celtulosic 
fibers such as wood pulp and fibrillated Lyocell. By using such fbers, the absorbency and diffusion will be much 
improved. On the other hand, in case hydrophilic fft)ers such as rayon are i^ed, they should t>e comtxned with PE syn- 
ttietic pulp, or short cut PE/PET bicomponent f i>ers. which will maintain a preferable balance between the absoit>ency 
and diffusion and the retention of form. 

(b) Combination of supporting she^ and heat meHable short-cut staple f bers 

[0083] To obtain a good wet stabOity of a absortiem sheet heat setting a combination of a supporting 

ified structure witti shortK^ut staple fbers is preferable, whic^ 

[0084] Ft>rexanple.ifacanJedwebof 15g/hi^consistingof 1.5deiiierrayonfi)^ 

sisting of 6 denier PET fiber are water-jet entangled, then a web of a two layer structure having a strongly hydrophiOc 
bottom layer and a bulky top layer is obtained. On ttie other hand, by cfispersing a short-cut staple f ber (a biconponent 
fiber of PET/Iow melting point polyester which is easy to heat mett. of 1 .2 denier and 2 mm fiber length) in tiie MFC/SAP 
slurry, a co-dispersed slurry is obtained, and bjf spreading this coKlispersed slurry onto the PET li^er of the two layer 
web a solid layer is obtained. Next by drying and then heat setting this solid layer, a network structure where PET of 
tiie supporting sheet and easy to heat melt polyester, of the short-cut staple fiber component are thermally fused is 
formed, in whk:h network structure the SAP particles are contained in cfosed spaces. 

[0085] In a structure like tfiis, when liquid is at>sort>ed, the liquid is rapidly supplied from tfie hydrophilic supporting 
sheet layer to the SAP particles to start swelling, and even after suffictentty swollen, the SAP wOl haidly come off the 
supporting sheet. The kinds of f bers tbnnng the bulky layer of the non-wov^ 
combinations with ttie short-cut staple fbers suitable to such bulky l^er fib^ 



Bulky fiber component of 
a supporting sheet of a 
two layer structure 


Short-cut staple f ber component to t>e 
added as slurry 


Coarser denier PE/PET 
Coarser denier PE/PET 
Coarser denier PET 
Coarser denier Rayon 


PE synthetic pulp, finer denier PE/PET 
PE synthetic pulp, finer denier PE/PET 
Rner denier PET/easy-to-melt polyester 
Easily-soluble-in-hot-water PVA fbers 



(c) Blending ratio of MFC and short-cut staple fbers 

[0086] In general, short-cut staple fibers are added to a slurry of tiie MFC to provide a twcHXxnponent dispersion liq- 
uid, and, the SAP particles are added further to provide a three-component slurry. The three component slurry is 
spreaded onto a supporting sheet. In the thre&«mponent slurry, if ttie ratio of short-cut staple fbers to ttie MFC in 
quantity is too high, the MFC will be used only to cover and bond the short-cut staple fibm 
effk:iency of the SAP, and the stability of ttie sluny becornes tower. On the 

fibers is too small, ttie desired network function will not be obtained. The ratio of ttie MFC (P) and short-cut staple fbers 
(0) ranges between P/Q = 1/5-5/1. and preferably P/Q = 1/3-3/1. 

[0087] In ttie present invention, as described in ttie above, ttie ttiree components, ttie SAP. ttie HFFM. and a short- 
cut staple fiber component as required, are cKspersed in a dispersfon medium. The cfispersion medium is descrbed 
betow: 

[0088] To handle ttie SAP particles and ttie HFFM. and as required, a short-cut staple f ber component as a stable 
slurry-like cfispersfon liquid, it is important to select an appropriate disperBfon medium. If ttie SAP is slurry-like already 
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from the beginning of its making process, for instance, in a system such as a dispersion polymerization of acrylic add 
where polymerization reaction is rui in a cydohexaneAwater system, t>y CToss^inking in dispersion frf necessary) after 
polymerization reaction is finished and then adding to the slurry a water dispersion liquid of the HFFM or a solvent/water 
dispefsion liquid while the liquid is stirred, a stable slurry containing partially smilen SAP and the HFFM can be 
obtained. 

[0089] To obtain a stable dispersed slun^ using dry SAP available on the mari^ and the HFFM. and as required, the 
short-cut staple f i>er component it is preferable to disperse them in a mixture medium of water and a organic solvent 
[0090] If the SAP partides, the HFFM. and as required, the shortKMt staple fiber component are dispersed in a dis- 
persion medium like this consisting of an organic solvent and water, a dispersion Fiquid where the HFFM and the SAP 
partides are unilbrmly and stably dispersed is obtained owing to the viscosity generated by the combination of the 
HFFM and the disp^'on medium. 

[0091 ] As organic solvents used for the present invention. akx)hols such as methanol, ethanol. and isopropyl ateohol, 
polyvalent akx>hols such as ethylene glycol, diethylene glycol, propylene glycol, tow molecutar weight polyetfiylene gly- 
col, and glycerin, and representative water soluble organic solvents such as acetone, methyl ethyl ketone, dioxane. and 
dimethyl suHbxide are availabia In using low boilnng point akx>hds. an apparatus may need to be of an exptoston proof 
construction because of their high vdatility and f lammability. On the other hand, ethanol and propylene glycol are pref- 
erable because of tfieir safety to the environment and to the skin of a wearer and tow possibility of remaining in a prod- 
uct To any of these soh^ente, a water insoluble solvem such as cyctoheorane 
interfere with disperston. 

[0092] As a CGspersion medium used to maintain a condition where the HFFM, the SAP partides, and as required, 
the short-cut staple f ber component are unilbrmiy cGspersed. without being coagulated and settling, for a relatively long 
period of time, solvents of a ^oup of polyvalent atoohols are particulariy preferable. Solvents of a group of polyvalent 
atoohols are rater soluble, and do not k;e even below 0°C or tower as are mixed with water showing a highly viscous 
condition, and thus can be stably stored for some tima As the temperature goes up, the viscosity wOl decrease, whtoh 
makes easier the transfer by rneans of a pump and fornfung of the conpo^ 

[0093] Examples of polyvalent atoohd solvents are ethylene glycol, propylene glycol, diethylene glycol, triethylene 
glycol, tow molecular w«ght polyethylene glycol, and glycerin. The viscosity of the polyvalent atoohd solvents will vary 
with the temperature very nujch. For example, as shown in Table 1 below, the viscosity greatiy changes for the differ- 
ence of 30^0 between 20» to 50*0. 



Table 1 



Solvents 


Viscosity (cp) 






50*»C 


Ethylene glycol 


22.0 


7.3 


Propylene glycol 


56.0 


8.6 


Diethylene glycol 


30.0 


11.5 


Trietfiylene glycd 


49.0 


14.0 


Qycerine 


1412.0 


142.0 



[0094] A manufacturing process can be ^idently designed through hcorporating this change in viscosity success- 
fully in the process. However, a drawt)ack of polyvalent alcohol solvents is that because they show a high viscosity even 
when th^ contain water, they nay cause uneven coating in coating a substrate sheet material because th^ do not fit 
well with the sut>strate material due to their hardly pen^rating the material. In such case, adding of metfuinol or ethanol 
to combine with this polyvalent atoohd solvent for example, applying of a three-component system, PG/ethanoU water. 
maybeeffectiv& 

[0095] The slurry obtained in the way descrS>ed in the above which consists of the SAP partides. the HFFM, and as 
required, a short-cut staple fil>er component forms an absort>erTt layer as applied on the suriace of a liquid pervious sup- 
porting sheet In general, the slurry is applied onto the whole surface of the ab6ort>ent sheet uniformly and evenly, but 
depending i4x>n the uses, can be applied in an appropriate pattern. 
[0096] In the evem that the absorbem layer is formed in a pattern, a liquid penrioussu^ 
supporting the ab6ort>ent layer and concunentiy. plays the role of solid-liquto separating from the slurry in the manufac- 
turing process. It is. therefore, preferable that the components of a supporting sheet have affinity to an absort)ent layer 
and that at the same time the siJipporting sheet is of a structure hannng 
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meate. but liquid does permeata For this purpose, a norvwoven fabric made of natural fiber. chemicaJ fber and syn- 
thetic f i>er proves a preferable supporting sheet. Especially. In case the HFFM of cellulose fber is used as a bonding 
agent, cellulose fiber which has a boncfing to hydrogen is preferably oontuned to make a supporting sheet. 
[0097] hfi the present invention, an absort)ent layer is formed by applying the abGve<lescribed slurry onto the surface 
of a liquid pennous supporting sheet, and it is required that as a result of such application of the slun^ a plurality of 
highly absorbing regions having higher absorbing capability distributed in a desired pattern need to be formed. 

A representative means of forming an absort)ent layer as non-uniformty distributed is to form a distribution in 
a pattern by pulsating in some appropriate way the discharging quantity or width of a slurry dispersion liqukJ or to form 
the ak>sort)ent layer yet to t>e solicOfied after the slurry is appli ed. 

[0099] Means for pulsating the dispersion liquid as discharged is to use a plunger puirp or a tii>e punp which dis- 
charges the liquid with pulsation. When a pump which does not pulsate the quantity of cfischarge is used, a device of 
giving pulsation needs to be installed at the side of discharging. 

Brief description of the drawings 

[oioq 

Fig. 1 is a graph showing the relationship between the concentration and the visoos^ HFFM in a solvent. 

Fig. 2 is an explanatory diagram showing a process of obtaning the HFFM from cellulose; 

Fig. 3 is a ^aph showing the concentration of an organic solvent and the swelling rate of the SAP in a dispersi^ 

medium: 

Fig. 4 is a graph showing the relationshp between the viscosity of ethylene glycol and of propylene glycol and the 
temperature from minus 10^ C to 100-140^0; 

Fig. 5 is a graph showing the relationship between the viscosity of propylene gly^ 

ous solution for the cases of mbdng ratios of 4/6. 6/4 and 6/2; 

Fig. 6 is an explanatory diagram showing a concept of fbmriing various absorbed corn^^ 

liquids; 

Fig. 7 is a sectional view of an absorbent composite embodying the present invention; Fig. 7(a) shows an absort>ent 
composite in partides. and Fig. 7(b) shows an absorbent composite in flake; 

Fig. 8 shows a sheet material consisting of an absoit>ent composite embodying the present invention; Rg. 8(a) is 
a schemata sectional view and Fig. 8(b) is a sketch of a microphotograph thereof; 

Fig. 9 shows another sheet material consisting of an absort)ent composite embodying the present invention; Rg. 
9(a) is a schematk: longitudinal section and Rg. 9(b) is a sketch of a microphotograph thereof; 
Fig. 10 is a schematic kHigitudnal sectnnal view of a composite sheet material embodying the present invention; 
Fig. 11 is a k)ngrtudinalsectkHial view of a composite sheet nvrterialenr^^ 
Fig. 12 is a longitudinal sectwnal view of a composite sheet material embodying the present invention; 
Fig. 13 is a longitudinal sectkxial view of a composite sheet material embodying the present inventk>n; 
Fig. 14 is a partial perspective view of a composite sheet material embodying the present inventton; 
Fig. 15 Is a tongitudinal sectk)nal view of a composite sheet material embodying the present invention; 
Fig. 1 6 is an explanatory drawing typically showing an example of an absorbent sheet having a dislributkm of pat- 
terns; 

Fig. 17 is an explanatory drawing typfcally showing another example of an absoit)ent sheet having a dfetrtoutfon of 
patterns; 

Fig. 18 is an explanatory drawing typically showing still other example of an absorbent sheet having a distributxm 
of patterns; 

Figa 19(A). (B) and (C) are k)ngitudinal sectional views of different forms of an absorbent tube embodying the 
present invention; 

Fig. 20(A) is a sectkxial view of an absort)ert sheet whkrfi can be used for the present invenlfon, and Fig. 20(B) is 

a cross sectional view of an absort>ent tube consisting of the ab60it>ent sheet of Rg. 20(A); 

Fig. 21 (A) is a sectk)nal view of an absorbent sheet whfch can be used for the present invention, and Rg. 21 (B) is 

a cross sectional view of an absort)ent tube consisting of the absorbent sheet of Rg. 21(B); 

Fig. 22 is a cross sectkxial view of another exampleof an absort>ent tube of the present inventkxi; 

Fig. 23 is a plan view of an exarrple of an absorbent product of the present invention; 

Fig. 24 is a fragmentary sectkxial view taken along sectkxi line A-A of Rg. 23; 

Fig. 25 is a sectkxial view of another absorbem product of the presem inventkxi as 
the same way as in Rg. 23; 

Fig. 26 is a sectkxia] view of other absorbem product of the presem invention as shown m 
the same way as in Rg. 23; 
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Fig. 27 is a sectk)nal view of stil other absorbent procbict of th^ 
the same way as in Fig, 23: 

Rg. 28 is a sectional view of an absort)ent tube, as swollen, used in the absoibent product of the present invention 
as shown in Fig. 24; 

5 Rg. 29 is a sectional view of still other absort>ent of the present invention as shown in the same way as in Rg. 23; 

Fig. 30 is a sectnnal view of stOI other absorbem of the present invention as shown m 23; 

Rg. 31 is a cross sectional view of other axampleof the absorbent tube of the present invention; 

Rg. 32 is a cross sectional view of other example of the absorbent tube of the present invention; 

FiQ. 33 is a cross sectional view of other example of the absort>ent tut>e of the present invention; 
10 Rg. 34 is a cross sectional view of other example of the absorbem tube of the preseminvem 

F^. 35 is a cross sectional view of other exanple of the absorbem tube of tt^ 

Fig. 36 is a sectional view of a supporting sheet which can be used to constitute the absorbent tube of the present 
invention; 

Rg. 37 is a sectional view shew the concfition where the SAP particles are carried and held by the supporting sheet 
15 of Rg. 37; 

Rg. 38 is a fragnientary sectional view of an absorbem product constituted by usi^ 
structured Rg. 37; 

Rg. 39 is a partial perspective view of a porous liquid impen^ious sheet constituting the absort>ent of the present 
invention; 

20 Rg. 40 is a plan view showing a part of the surface of the absorbent sheet of the present 
Rg. 41 is a longitudinal sectional view of the ab6ort)ent sheet of Rg. 40; 

Rg. 42 is a schematic diagram showing a process of making the absoft>ent sheet of the present invention; 
Fig.43isaplanviewofaGquid impennous sheet rnaterial used for the absorbent sheet of the present invention; 
Fig. 44 is apian view showing the condition where in the recesses of the liquid inpennous she^ 
2S ent material is filled; 

Rg. 45 is a fragmentary plan view shewing other absorbent sheet of the present invention; 
Fig. 46 is a fragmentary longitucfinal sectional view of Rg. 45; 

Rg. 47 is a fragmentary plan view showing still other abeort>ent sheet of the present invention; 
Fig. 48 is a block diagram showing an ranriple of a process of adding a short-cut staple fiber conpone^ 
30 HFFM in the present invention; 

Rg. 49 is a bk)ck diagram showing an example of a process of adding a short-cut staple fiber component to the 
HFFM in the present invention; 

Rg. 50 is a bk)Gk diagram showing an example of a process of adding a shortcut staple fiber corrponent to the 
HFFM in the present invention; 
35 Fig. 51 is a bk)ck diagram showing an example of a process of adding a short-cut staple fS)er component to the 
HFFM in the present invention; 

Rg. 52 is a fragmentary longitudinal sectional view showing an absort)em sheet of the p^ 
in dry condition; 

Fig. 53 is a fragnienlary k)n9tudinal sectional view showing the absorbem she^ s^^ 
40 condition; 

Rg. 54 is a fragmentary longitudinal sectional view showing other absorbert s^ 
is in dry condition; 

Rg. 55 is a plan view showing an exarrple of an absorbem sheet of the present in^ 
Rg. 56 is a fragmentary enlarged sectional view of the at)sort)ent sheet of Rg. 55; 
45 Rg. 57 is a flow chart showing an example of a process of making a supporting sheet to be used in the present 
invention; 

Rg. 58 is an explanatory drawing showing the sectional view of the stpporting 

57; 

Rg. 59 is a fragmentary hatched plan view showing an example of a supporting she^ suitable Rg. 60 is a fragmen- 
so tary enlarged sectional view of Fig. 59; 

Ftg. 61 is a schematic longitudinal sectional view of an apparatus for making a corrposite sheet material according 
to the present invention; 

Fig. 62 is a schematic tongituCGnal sectional view showing a modified example of the apparatus of Fig. 61 ; 
F^. 63 is a schematic longitudinal sectional view sfiowing another coating apparatus to be used in the ajsparatus 
55 showninRg. 61; 

Rg. 64 is a plan view of a g^ooved roll used in the apparatus of Fig. 63; 

Fig. 65 is a cross sectional view of a sipporting sheet whnh is coated with a dispersion liquid by the apparatus 
shown in Rg. 63 and Rg. 64; 



12 



EP0947549A1 



Fig. 66 is a perspective view schemalically shorn 
the present invention; 

Fig. 67 shows an example of a nozzte for discharging a slurry dispersion liquid to be applied in the apparatus of Rg. 
66: (A) is a side view thereof and (B) is a bottom view thereof: 

Fig. 68 shows another example of a nozzle for discharging a slurry dispersion liquid to be applied in the apparatus 
of Fig. 66: (A) is a side view thereof and (B) Is a bottom view thereof; 

Fig. 69 is a perspective view showing an example of a nozzle for discharging a slurry dispersion liquid to be used 
for making an ab6ort>ent sheet of the present invention; 

Fig. 70 is a perspective view showing an example of a nozzle for discharging a slurry dispersion liquid to be used 
for making an absort>ent sheet of the present invention: 

Fig. 71 is a perspective view showing an example of a nozzle for discharging a slurry dispersion liquid to be used 
for making an absort}ent sheet of the present invention; 

Fig. 72 is an ei^anatory drawing showmg an example of the condition where a nozzle contacts a liquid pervious 
supporting she^; 

Fig. 73 is an explanatory drawing showing another example of the condition where a nozzle contacts a liquid per- 
vious supporting shee^; 

Fig. 74 is a schematic fkaw diagram showing an apparatus lor making an absoit>ent sheet off the present invention; 

Fig. 75 is a schematic flow diagram showing another apparatus for making an absor^^ 

tion; 

F^. 76 is a schematic flow diagram sfxywing other apparatus for making an absoibent she^ of the present inven- 
tion; 

Fig. 77 is an explanatory drawing showing a method of measuring a stiffness and flexibility (mm); 
Fig. 78 Is a fragmentary sectional view taken atong section fine A • A of Rg. 77; 
Fig. 79 is a chart drawing showing a criterion of the bonding stability of the SAP; 

Fig. 80 is a plan view showing a con^xisite absort>ent sheet prepared for incorporating into a sample piece in an 
example of the present invention; 

Fig. 81 shows other example of a composite absoibent of the present invention: (a) is a plan view ttiereof and (b) 
is a sectional view thereof; 

Fig. 82 is an explanatory drawing showing a process of making still other form of a composite absoit}ent of the 
. present Invention: 

Fig. 83 shews an incontinent pad for a woman in which a composite at)sorbent of the present invention is applied: 
(a) is a plan view thereof.(b) is a sectional view of the composite ab6ort}ent (c) is a perspective view showing the 
concftion where the composite absorbent of (a) is fokJed. (d) is a side view of a finished incontinent pad for a 
woman; 

Fig. 84 is a perspective view showing nriafterial ol an absorbent tube used in an exanp^ 

Fig. 85 is a cross sectional view of an absort>ent tube constituted by tiie material of Fig. 84; 

Fig. 86 is a cross sectional view of an at>sort>ent tit>e used in an example of the present inv^ 

Fig. 87 shows an example of setting a viscosity and a temperature in each area of a process with propylene glycol 

as an example: (A) is a process fkiw thereof. (B) is a chart shewing a fluctuation of temperature in each area of the 

process, and (C) is a chart showing a fluctuation of viscosity in each area of ttie process; 

Figs. 88 (A) through (E) each are an explanatory drawing showing an embocfiment of how the preparation of a (Ss- 

persion slurry is carried out in each step leading to a coating header; 

Fig. 89 is an explanatory drawing showing, with steam as a source of heating and hydrating, the order of a process 
consisting of removal of the Gquid component by decompression in a liquid phase of a formed SAP sheet containing 
propylene glycol and renncving the fiquid component in a gaseous phase by hot air drying and fluctuations of pro- 
pylene glycolAwater composition and of residual (^jantity of prof^ene glycol; 

Fig. 90 is an explanatory drawing showing a process of applying a slurry onto a supporting sheet in many bands 
extending in parallel at intervals; and 

Fig. 91 is an explanatory drawing showing a process of applying a slurry onto a supporting 
extending in parallel in contact with each other. 

Petaiied Description of the Pretenred artxtfrnerrts 

[0101] The present invention wiO be desaibed in detail with reference to the accorrpanying drawings. 

[Q1Q2] Rg. 1 1S an example showing the concentration and viscosity of super nticrofMll^ 

m*icrofa)ril (hereinafter sometimes referred to as the "S-MFC") In a dispersion fiquid. It wfll be understood from Rg. 1 that 

even at k]w concentration a high viscosity is still maintained. The dispersk>n liquid of the HFFM exhft)its a structural vis- 

oosrly, and a f luktized orientation is eKhl>ited and the viscosity is reduced when a shear force is applied. However, as 
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the shear force is reduced, the viscosity is restored. Thus, if the SAP particles are added and dispersed in the disper- 
sion medium of the HFFM. in a low sheared dspersion state, the SAP partides are stably taken in a network structure 
of the HFFM. and consequently, the SAP of a high concentration can stably be dispersed. The dispersnn is transferred 
with ease by means of a pump or the like, because then the viscosity is deceased. 
5 [0103] Therefore, when the SAP is dispersed in a dispersion mecfium of the HFFM, the SAP of a high concentration 
can be stably dispersed. In the process where the dispersion medium is removed, the HFFM are in a plaster state to 
form a network structure as they are firmly self-bonded and contain and mechanically enclose the SAP partides, arxJ 
as the HFFM is bonded with each olher in the effM of hydrogen bons, hold securely 

[01M] Rnefi)ers in the form of microfibril (the "HFFM") can be obtained by miCTofbrillating ceDutose or its derivative. 
10 For exarrple. by gindng and suff idently beating wood pulp, the HFFM is obtained in a process as shown in Fig. 2. The 
HFFM is sometimes referred to as the "MFC 

(rncrofbrfllated cellulose) and if further filiated, as the "S-MFC* (s^)er miaof ibrillated cellulose). 
[0105] Nextarnelhodofnriakingahighlyabeorbemconrpositeoornposedoft^ 
is deserted betow: 

IS [0106] According to the present invention, in making the abov&<lescnbed highly absorbent composite, the dispersion 
behavtor of the SAP in a dispersion rnedium of the HFFM and the behavwr of the HFFM after removing the liquid com- 
ponent are ingeniously utiGzed. In other words, the highly absorbent composite of the present invention can be obtained 
by dispersing the SAP partkdes and the HFFM in a dispersnn medium that is a nruxture of an organnsol^ 
with water and water where the HFFM is slaWy hydrated and dispersed, by separating the SAP partwies and the HFFM 

20 from the resultant dispersk)n liquid, and by removing the liquid component followed by drying . As a result of this pro- 
cedure, a typk»l pulpless highly absorbent composite where the content of the SAP is 90 percent or higher can be 
obtained. 

[0107] To prepare a cGspersion iiqidd of the HFFM, a cBspersion liquid where the HFFM isdispersed in water is first 
prepared as a stock liqud. As the concentratkwi of the stock liquid becomes higher, an apparatus preparing the HFFM 

25 (Sspersion becomes more compact. On the other hand, however, the viscosity of the stock lk)ukJ increases at higher 
concentrations. whk:h makes the handling of the stock Gquid wore diffteult Therefore, a water disp^on liquid with a 
concentration of 1 0 percent or lower, preferably 5 to 1 percent is used. The stock liquid is added to a dispersnn medium 
consisting of an organic solvent and water to obtain a dspersion Gquid of the HFFM having a prescribed concentration 
of the HFFM and a viscosity accompanied by the conc e ntr a tion. As a means of adding and mixing the SAP to the dis- 

30 per6k)n liquid, a means of dispersing the SAP partides into the above<lesa3>ed dispersion lk)uid is generally applied. 
[01 08] By dispersing the HFFM and the SAP in this dispersk)n liqukl of an organic solvent arxl water, a network struc- 
ture of the HFFM is formed and the SAP partides are incorporated in the network structure so that a stat)le dispersk)n 
state is secured. When ttie dispersfon medium is removed later, the physical entwined structure of the HFFM and the 
stable hydrogen bonding of the HFFM with each other are formed, and as a resutt, it is assumed that a three dimen- 

35 sional structure is formed. 

[0109] The rrixture ratio of an organic solvent and water is established in a range e^ 

structure of the HFFM and suppressing as much as possible the absorption of water by the SAP 

[0110] Of ttie above-deserted organs solvents, representative solvents are descrbedh^^ In the gaph of Fig. 3 is 

shewn ttie relationship between ttie concentralfon of an organk; solvem and the 

40 case ttiat as such organk;solvemniettiylak»hotettyt alcohol, a^ 

ettiyt ateohol or acetone is used, when ttie concentration of ttie solvent is 50 percent or tower, the water absort>ing ratio 
of ttie SAP sharply increases, and that in case methyl alcohol is used, when ttie concentration is GO percent or fower, 
ttie water absort>ing ratio of ttie SAP sharply increases. It is, ttierefore, preferable to have a higher concentration of an 
organk: solvent 

45 [0111] Of ttie abcve<iescri)ed solvents, solvents of polyvalent ak»hds are more 

glycol and propylene glycol are relatively easy to handle and easily available on ttie market Fig. 4 shows ttie relation- 
ship between ttie vtecosity and the temperature from nvnus 1 0^C to 12**C for botti of ttiem. Witti safety to the environ- 
ment and to the persons wfio wear sanitary material taken into conskleratibn, the most prelerat>le organic solvent is 
propylene glycol (hereinafter abbreviated as the "PG^. 

so [01 1 2] The aboveKlescribed solvents are used mainly in mixture witti water in ttie present invention. An appropriate 
mixture ratio between water and a solvent needs to be selected in order to prevent coagulatfonarxi swelling of the SAP 
partides and to disperse stably the SAP partides witti ttie MFC and ttie short-cut staple fiber component The mixture 
ratio of solventwater is approximately 9/1 to 5^. If water is more ttian 5^, ttie swelling of ttie SAP is rapkJty increased, 
and if a solvent is more than 9/1, the MFC starts to settia The transition regkxi and nature are somewhat (fifferent 

55 depending on ttie kinds of ttie solvents used, tt ttie PG is taken as an example, a particul^ 

6/4 to 8/2. Fig. 5 shows the relationshp between the viscosity and the temperature of the PQ in an aqueous s^ 

the mixture ratfos of 4/6, 6/4 and SC. It Is shown ttiat, as the content of water increases, ttie viscosity relatively 

decreases, and ttiat a difference in viscosity caused by difference in teniper^^ 
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aqueous solution. 

[D113I On the other hand, in order to hydrate and disperse the HFFM stably, it is more advantageous to have higher 
content of water in a dispersion mediunt Therefore an appropriate range of the ratio of an organic solvent^vater is 
90/10 to 40/60. Note that the ratio varies to Sonne extent depending upon theory 
5 of the SAP used. 

[0114] The dispersion concentration each of the SAP and the HFFM In coexistence in this dispersion medium and the 
ratio in concentration between the SAP and the HFFM are descrbed in more detaO below. TYie concentration of the SAP 
is selected from a range off 60 percent or lower, preferably 50 percent to 5 percent from th^ 

although it may be somewhat different depending upon the methods of slurry transportation. A preferable concentration 
10 of the HFFM is selected to obtain the bonding strength and the dispersion stability of the SAP To maintain a good (fis- 
persion stak>nrty, the corK^entration of the HFFM needs to be 0.2 percent or higher, preferably 0.3 percent to 1 .0 percent. 
[0115] At this concentration of the HFFM, a dispersion medium containing the HFFM exhibits a good dispersion sta- 
b1ity. Even after the nriedium Is allowed to stand Ibr a long period off tiine. 

[Oliq Experimental resuHs show that as the concentration of the HFFM increases, the dispersion stability inproves. 

IS When the concentration ofthe HFFM was 0.3 percent no settfing occurred for one hour. At the 

cent no settiing occuned for 65 hours It proves that with this good dispersion stability, not only the coating procedure 
becomes easier, but alsa the HFFM enclose the SAP particles completely so that a stable dispersion is realized. 
[0117] As the ratio of the HFFM to the SAP CMFG/SAPx100(%^)) Increases, the strength of the 
becomes higher, but at the same time, the absorbent composite hardens to a paper-like hand. Therefore, the ratio of 

so the HFFM to the SAP is preferably 20 % or lower. On the other hand, at the ratio of 0.3% or lower, a sufficient bonding 
strength canrx^t be obtained. The tx>rKiing strength is evaluated by applying a cellophane adhesive tape method for 
measuring a surface strength. The results of applying the method to the evaluation of the boncGng strength show that 
more preferable range of the ratio is 5 % to 0.5 %. 

[0118] Next, a method of forming a composite from a dispersion liquid which is made by dispersing the HFFM and the 
25 SAP in a dispersion mecfium is described with reference to the accorrpanying drawings below. As a niethod of forming 
an at>sort>ent composite from the above-descrfoed dispersion liquid slurry, for example, as shown in a conceptual draw- 
ing of Fig. 6. (1) by drying a btock-like substance obtained t>y separating the solvent from the slurry and crushing the 
substance into particles, composite particles with the surface of the SAP covered by the HFFM. cubic-shaped as shown 
in Fig. 7(a) or flake-shaped as shown in Fig. 7(b), are obtained, (2) If the slurry is poured into a moM made of, for exam- 
so pie. a net and soiki and fiquki components are separated and (fried, a pellet-, rod-, cylinder-, or corrugated-plate- 
shaped three dimensional formed composite is obtained depending i^xxi the moM used, and (3) if thin f Dm is formed 
continuously and dried, a composite sheet is obtained. 

[0119] An absort>ent composite obtained in each of the above-descrOt>ed manners has flexibility depending upon the 
water content Therefore, a composite sheet is formed in a mat shape together with fibers, for example, by an alr-laki 

55 method and the mal Is rnoistened, pressed, and dried so thai it can be reforniedi 

[0120] Next, a method of directiy forming a sheet from a dispersfon Txiuid, whk:h can be wkiely used, is descn'bed in 
detail. As desaft>ed in the above, a networic structure of the HFFM, while maintaining a condition where the SAP is sta- 
bly and firmly heU inskle, enables the formation of a very thin layer. In other words, a dispersfon lk)uid where the HFFM 
and the SAP are dispersed in a dispersion medium is applied onto a suitable flat surface, and a sheet-shaped highly 

40. absoibert composite can be forrnedwhwh is corvposed of only the HFFM and the ^ 

[0121] A highly absort>ent composite of a shape descrtoed in the above is shown in Fig. 8(a). In Rg. 8(a). reference 
numerals 11 and 12 represent the HFFM and the SAP partides, respectively. In fact, as shown in Rg. 8(b) which is a 
sketch of a microphotograph magnified by 70 times, each SAP particle is completely covered by the HFFM and at the 
same time, the SAP particles are taken in a networic structure of the HFFM as the acQoining partk;les are entwined with 

45 each other by the HFFM. 

[01 22] Alternatively, vwhen a dispersion Ikfuid is appfied onto a suitable supporting sheet a highly absorbent compos- 
ite sheet material composed of the supporting sheet and an absorbent composite layer is obtained after the dispersion 
liquid is dried. When a porous non-woven fabric is used as the supporting sheet, part of the dispersion liquid enters 
spaces rnade by the fl)ers of the non-woven fabric depending upon the density of the non^ 

so ite sheet where non-woven fabric 13 and the absorbent composite layer 10 are entwined as they are in contact with 
each other is formed as shown in Rg. 9(a) and Rg. 9(b) whwh ts a sketch of a microphotograph. after the Dquid is dried. 
A preferable density of the non-vwven fabric is 0.2 Q/anrP or lower in tenro of the apparent specif k; density, and. nrxxe 
preferably, 0.01 to 0.1 g/arP, 

[0123] Preferable fibers constituting the non-woven fabric are, from a viewpoint of the permeabilfty of a liquid, a 
ss hydrophtlic material such as cottoa rayon and wood pulp or ^ntheticffoerst^^ 
yiene, polypropylene and polyester. In particular, tiie HFFM vvhfch fe of the S-MFC or ft^ 

bonding strength in addtion to being easily entangled physically. Therefore, when a cellulosic supporting sheet is used, 
such HFFM is more strongly and ^abiy bonded with each other and vnlh 
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Hs an outstanding permealsilrty in a wet state. 

[0124] In addition, in a stmcture as shown in Fig. 9. other she^ material 14 can be bonded in contact with the highly 
absorbemconpositelayer 10 as against the non-woven fabrk: 13. as shown! 10. If . as this other material 14. a 
liquid impennous sheet material is used, the composite sheet of Rg. 1 0 alone may have the function of an absoibent 

5 productoomposedof atopsheet anabsort>ent.andabacksheeL 

[0125] Furthermore. In the stnjcture of Fig. 9. a highly absorb^ composite layer can be provided not only on the 
whole front surlace of a supporting sheet, but also partially in a desired pattern. For example, as shown in Rg. 11. a 
plurality of the absorisent composite layers 1 0 are provided in bands of a desired wkfth at prescribed intervals only on 
either surface of the supporting sheet 13. with the composite supporting sheet folded in between the acigoining absorb- 

10 ent composite layers in a zigzag pattern. Since a composite sheet of this structure has a larger volume of the absort^ent 
composite layer 1 0 per unit area than a flat composite sheet and accorcfingly a higher absorbing capability than the lat- 
ter. Alternatively, as shewn in Fig. 1 2. when the top portions of the zigzag pattern are largely brought down in one direc- 
tion, the volume of the absoit)ent composite layer 1 0 per unit area can be further increased. In adcfition. as shown in 
Rg. 1 3, the top portions of the zigzag pattern can be brought down outwardly in mutually opposing directions to either 

IS side with a flat area provided in the center. 

[0126] Such a zigzag structure provides a free and sufficient space that enables the SAP as used in an ab6ort)ent 
product to easily sweO by absortxng a fiquid. 

[0127] Rg. 14 shows an example of a highly ab6ort)ent composite sheet material as oonposed according to the 
present invention. This highly absortient oonrposite sheet material has a structure where a highly absort>ent conposite 
20 layer 10 is disposed in bands extending in parallel to each other at prescribed interval 

ing she^ 1 3 made of a elastic substance, over the highly ai)sort>ent composite layer a corrugated (zigzag) liquid penn- 
ous noTHwoven fabric 1 4 is dsposed. and in the bottom portions of the zigzag of 

fabric 1 4 and the sifsporti ng sheet 1 3 are bonded In the bonding areas 1 5. Thus, each hi^y abeort>ent composite layer 
10 is contained in the channel 16 which is formed k)etween the supporting sheet 13 and the non-woven fobric 14. A 

2s highly absorbent composite sheet material off a structure described in the above can be preferably used, for ecair^e. 
in absort)ent products such as feminine hygiene proc&icts and diapers, as highly elastic and absort)ent sheet material: 
the highly absort>ent composite sheet material has a high elasticity in the direction perpendicular to the longitudinal 
direction of the highly absort>ent composite layer 10. In this case, the non-woven fabric 14 is used in contact with the 
body off a wearer, and body esojdates of the wearer are first absorbed by and di8tnl)ut^ 

30 then absorbed bf the higfily ab6ort)ent composite layer 1 0. As the ab6ort>ed anrKxmt of body exudates increases, the 
volume of the highly absort>ent composite layer 1 0 inaeases. However, since each band of the highly absorbent com- 
posite layer 10 is contained in the channel 16 formed between the supporting sheet 13 and the non-woven fabric 14. 
the layer is allowed to swell freely. 

[0128] Fig. 15 shows a highly absortjent composite sheet material embodying the present invention. A liquid inper- 
ss vious sheet designated by reference numeral 21 inFig. ISisBquidimpennousandreasonably elastic. A highly absorb- 
ent composite sheet material 22 is laid on top of the Gquid impervious sheet 21. Both of them are bonded with each 
other at many borKlIng areas 23 extending in lines or bands parallel with each otfier disposed at preserved Intervals. 
The bonding areas 23 are formed by thermally fusing, by a conventional method such as heat sealing and high fre- 
quency bonding, the liquid impervious sheet 21 and the highly absort)ent composite sheet material 22 with a predeter- 
40 mined width. In between the adjoining bonding areas 23 and 23. the length of the highly ab6ort)ent composite sheet 
material 22 is longer than the lerigth of the Tquid innpennous sheet 21 . and, therefore, in between the bonding areas 23 
and 23. a channel 24 is formed between the highly afosort>ent composite she^ material 22 and the Oqifld Inpervious 
sheet 21 by the sagging of the former. The highly absort>ent composite sheet material 22 has a structure, as shown in 
Rg. 1 5, where, on either surface of a supporting she^ 1 3 of spun^jond or dry-laid non-woven fabric made of polyol^e 
45 suchasPPandPE.anab6orbentconpositelayer 10 is supported which layer 10 is d'l^^ 

liquid impervious sheet 21 . A sheet product of this structure is outstanding in retaining stably its own sheet shape even 
when the sheet product ak>sort)S a large anxxint of liquid. 

[0129] Figs.16 to 18 show typically examples of an absort>ent she^ having a cfistrOxition of patterns as obtained by 
the abovedescribed meansw Rg. 16 shows a pattern made by utilizing pulsation. Rg. 17 shows a pattern made uti- 

so lizing a branched nozzle, and Rg. 18 shows a pattern made in oorriMnation of the twa Exarrples of a distribution of 
higher absorbing regions are dassif'ied into the following three types: (1) on top of a thin absorbent layer distrbuted on 
the wtiole area a partially thick layer exists; (2) parts of a supporting sheet escposed without any at>sort)ent layer, and 
parts thereof with such absort>ent layer exist separately; and (3) in the higher absortxng re^ons thin and thick layers 
coexist. The distrbution pattern of high absort)ing regions is, for exarrple. a pattern of islands in the sea as shown in 

ss Rg: 16. a continuous band-type pattern with a thin margin as shown in F^. 17. and a combination of island and band 
patterns as shown in Rg. 18. An absort)em sheet which tscoatedwrthaslunry in a distrftxjtion of patterns is tx)^ 
with a supporting sheet stably by press, and the stmcture is fixed by removing the liquid component and drying. In doing 
sa a absorbem sheet yrt to be dried which has a distribution off patterns, is high in (fifference 
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a lot of solvent IS likely to adhere on a press roll and to partially ^ 

em sheet covered with tissue or nonnrnven fabric is a^^ 

is first heat pressed to fit lA^I a supporting sheet and the absorbem layv 

component to fix the structure so that the surface Is stak>ilized. Then, if peeling is done only after the surface is thus sta- 

5 bilized. no at)soibent she^ is wound on the roll without any covering. 

CDISQ] Figs. 19(A). (B), (C) and D) show typically the simplest shape of a absorbent tube of the present invention. In 
Rgs. 19, reference numeral 401 represents a siJ|)porting sheet in tube, and 402 represents the SAP carried by the sup- 
porting sheet 401 only on the inner wall. In the absorbent tube as shown in Fig. 19(A) the supporting sheet 401 is 
formed having a cross-section of a closed ring, and made into tube with the adjoining of both ends bonded with an 

10 adhesive agent 403 such as hot melt type adhesive agent, and carries the SAP 402 nearly unifomnly on the whole sur- 
face of the inner wall. In Fig. 19(B). a reinfbrdng sheet 404 is disposed at the adjoining point of both ends of the sup- 
porting sheet 401, and both ends of the supporting sheet 401 together with the reinforcing sheet 404 are bonded with 
the adhesive agent 403. lntheabsoit>enttubeof Rg. 19(C), a flat siipporting sheet 401 carrying the SAP 402 on one 
surface is formed into tube only with one end of the supporting sheet 401 with the surface carrying the SAP 402 inside. 

IS arid the side erKts of tx)th of them fadng each other in opposition are adjoined as laid on t^ 

priate width of margin provided and the portion where they are adjoined is bonded with the adhesive agent 403. Thus, 
on one end of the flat absort)ent is a tube formed. Intheabsorii^enttubeof Rg. 19(D), on tiie side end disposed outside 
no SAP 402 exists, and. therefore, the adhesive agent 403 is directfy applied on the surface of the supporting sheet 401 . 
[P131] As a supporting sheet which can be used in the presem invention, substantially all Wncteo^ 

20 posed of fiber web, if th^ are liquid pervious and do not have openings large enough for the SAP particles to pass 
through, can be used. Eramples thereof are melt blown non-woven fabric; foamed net extruded fibrOlated net, spun- 
bond non-woven fabric, carded web non-woven fabric, spun-laced non-woven fabric, and any combinations of the fore- 
going materials. 

[0132] The basic roles of this supporting sheet are to carry the SAP stably and. at the sarnetii^ 

2S SMdlen by absorbing a Bqud from leaMng and gang out of an absorbent tube. If required, the sii|3porting sheet can be 
given other roles by selecting the kinds and shapes of the constituting materials of the supporting sheet Fbr example, 
by selecting a celluk)sicfi)er or a blencfing with a cellulostofiber as the fber constituting the supporting sheet, ttie dif- 
fusion of liquid into carried SAP can be increased. Also, another example of giving a different role is that by using non- 
woven fabric which is of high elongation, can be elongated with a small force, for the supporting sheet, the sheet itself 

30 can be ek>ngated by the at>sorption and swelling of the SAP By utilizing these effects, ttie liquid absortxng capability of 
the SAP can be made to exhibit to the maximum extent, and ttie diameter of the absort>ent tube while no Ikyiid is 
absorbed can be made small whKh in turn rnakes small absorbent products using such small absoritient tube. In ttiis 
spedfkation. ttie term "high ek>ngation' of a substance means the property ttiat ttie substance can be elongated or 
extended easily by a small force applied at least in one direction. 

35 [0133] A composite sheet obtained by ttiis mettiod has a structure, for example, as typically shown in Rg. 20(A). In 
Rg. 20(A). reference numeral 411 represents a supporting sheet. 412 represents ttie SAP. and 413 represents ttie 
HFF^ which bonds ttie partides of ttie SAP 412 are bonded wrtti each ottier and on ttie supporting sheet 4 
ttiis composite sheet can be fonned as an extrenielyttiin sheet as ttiin as 1 mm, it can be fonned in tube as shown in 
Rg. 20(B). and is suitable as an absort>ent ti^ of ttie present invention. 

40 [0134] Fig. 21(A) shows a composite sheet of a structure where, unlike an absort)ent tube shown in Rg. 21(B) in 
which partides of ttie SAP 412 are distributed in nearty uniform density, bkxte in which a plurality of ttie SAP 412 par- 
tides are gattiered are formed whk^h ttocks are disposed in a suitable distribution. An absort>ent tube as shown in Rg. 
21(B) can be fbmried by l=blding ttie composite sheet of Fig. 21 (A) in ttie shape of a tube witti ttie surface ttiereofcanry- 
ing ttie SAP 412 partides fadng insida In ttie structures of Rg. 19 tubes in an 0-letler shape are formed by directiy 

45 bonding ttie side ends of ttie supporting sheet wrtti each ottier. but in ttie structures of Rgs. 20(B), 21 (B) and 22. tubes 
in a C-letter shape are formed where the side ends of a supporting sheet as it is made in such tut>e area bit away from 
each ottier. The absori^ent of a tube in such C-letter may dispose a slit between tiie side ends of a si4)porting sheet 
fadng eittier upward or downwrard. Alsa anottier sheet nrafterial 414 
slit as shown in Rg. 22. 

50 [0135] It shouki be noted ttiat in ttie above description and in ttie sketdies ttiat are shown in ttie description 

aabsorbemtubeisshowninadrdeorellpseorashapettiatissornewhatswollen in order to help better understand 
it but in fact, the absort>em tube before 'rtabsort>s liquid to swell takes a shape ttiat is flat or collapse 
[0136] One or a 90up of absorbent tubes having a structure described in ttie above can be incorporate 
ventional absoit>ent product as an absorbent core, but in practice, are «ivantageously used as linked to a sheet com- 

55 prising an absorbem product Fbr example, one absort>ent tube or a plurality of absorit^ 

each ottier comprises or comprise an at>sort>ent core as linked in an absorbing region of an absort>ent product to a liq- 
uid pervk)us inner sheet deposed on ttie side of ttie absorbent produd in contact witti ttm 
resistant outer sheet 
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[0137] Rg. 23 shows a disposable diaper as an absorbent product of the present invention having a structure 
desalbed in the abcva In Fig. 23. reference nunteral 500 represents the body of an ab5ort>ent product. This body 500 
is, as shown on Rg. 24. composed of a liquid pervious inner sheet 520 and of a Gquid inipervious outer sheet 530. and 
in its absorbmg region three ab60ft)ent tubes 501. 502 and 503 disposed in parallel to each other are contained. Ihe 
s absorbent tubes 501 . 502 and 503 are. in this embodiment of the present invention, linked to a liquid inrpervious outer 
sheet 530 by means of an adhesive 504 such as hot melt adhesive 

. [01 38] Rg. 25 shows a sectional view of the structure of another absorbent product of the present invention I to Rg. 
22. In this exarnple, the Inner sheet520 is linl^totheouter sheet 530 on both skfesof^^ 
504. 

10 [0139] In the exanple of Rg. 26. the absoit>em tube 502 disposed in the center is wider than the ab 

and 503 disposed on the respective sides of the absort>ent tube 502 so that both side ends of the absort>e^ 

are laid on the side ends of the absoit>ent tubes 501 and 503. 

[0140] In the exanrple of Rg. 27. the relation in widths anrwng the absort>e^ 

in the example of Rg. 26. but the absorbem tubes 501 and 503 on the sides are disposed at posrtions higher 
IS absorbent tube 502 disposed in the center and the inside ends of the absort)ent tubes 501 and 503 are laid on the side 
ends of the absort>ent tut)e 502. 

[0141] The absorbent products of the present invention provided with an absorbent core of a corfiguration shown 
each in Rg. 24 to 27 exhibit a hi^ absorbing property with the absorbing capabiTity of the abcv&described absort>ent 
tubes. Particularly, in a confi^jration as shown in Rgs. 26 and 27 where each absort>ent ti^ \s partially laid on an 
20 adjoining absorbent tube, because the amount of the SAP per unit area can be made larger, further higher absoitxng 
property can be expected. For exanple. a condition where the absorbent tubes 501. 502 and 503 have ab6ort>ed to 
swell in a configuration of Rg. 26 is shown in Rg. 28. Also, in examples of R^ 24 to 27. each absort)ent tube may be 
linked to the inner sheet 520. toa so that the ab6ort>ent tube nnay be secured in po6itk)n. 

[0142] In the absort>ent products of the present invention, an absorbent core to be disposed in an absorbing regk)n 
25 maybeconipnsedon]ybyapluralrtyofabsorbemrnaterials.asdescnl>edinthea^ 
may be replaced by another absort>ent 506. as shown in Rg. 29. 

[0143] Alternatively, as shown in Rg. 30. a configuration can be made where absorbent tubes of k)ng length and nar- 
row wkfth 507 are disposed in parallel to each other and tapes 508 nrade of a soft han^ 

extending along the outer skies of each absorbent tube are disposed. This tape 508 allows a Ikpjid coming to the 
30 absort>ing region to reach the absorbent td>e 507 and at the same time improves the touch existing between the 
at)sort>ent tut)e and the skin of a wearer. 

[0144] The number and the size of the at}sort>ent tubes disposed in the absort)ing region of an at)6ort>ent product can 
be selected depending upon the shape, use and desired absorlsing property of the absorbent product, and the selection 
can easily be made k^tfioseskflled in the art 

35 [0145] In the descTfitions and drawings inade and shown in the above, the abov^^ 

shown to have a virtually ellipsokial cross-sectioa but tiie absorbent tube is normally thin having a flat shape before it 
absorbs a liquid to ovell. as shown in Rg. 31 . If the absorbent tube is of a single layer, the circumference length of the 
cross-section is constant regardless of the shape of the cross-sectioa The tonger the circumference length is, the 
larger the area becoiTies to be provkled to canry the SAP 402, and when the SAP 402 swelte volume. 

40 the thickness or the height of the absort>ent tube becomes larger. Rgs. 32 to 35 show exanr^es where tiie supporting 
sheet 401 is provided with a gusset for such purpose. In the example of Rg. 32. a guss^ 510 is disposed on the top 
surfaceofttie absorbent tube, and in the exariiples of Rgs. 33 to 35. a gusset 51 0 is disposed on each skfe end of the 
absort>enttube. ftote that in Rg. 34 the skie ends on whk;hguss^ 510 are provkted are linked at portions 
other bjf heat sealing 51 1 . forming a ceO 51 2 as dstinguished from the rest 

45 [0146] In the at)sort)ent tut)e of the present invention, a supporting sheet can be composed of any sheet material 
whk:h is Ik^uki pervious and has some degree of softness and tear strength. A preferable material is a non-woven febric 
601 as descr3>ed in the above, and a non-woven fabric of an at)sort>ent corrposite as shown in Fig. 36 can also be 
advantageously used. This composite non-woven fabric 601 may be made by composing one or two kinds of staple 
fiber 602 such as PET and rayon with spun bond non-woven fabrk; 60 1 made of synthetic f ber such as polypropylene 

50 by means of water jrt entanglement. A co m pos ite non-woven fabric like this has a feature where the spun bond non- 
woven fabric 601 functions as the inner sheet and. as shown in Rg. 37. on tt^ surface of the staple f it>er the SAP 402 
particles are securely heU so ttiat there is no need to cover the absort>erTt core with the inner sheet. 
[0147] Rg. 38 shows an absort)ent product of a structure where the absorbent sheet 600 of Rg. 37 is fcxmed into a 
tube and linked to the outer sheet 411 of an absorbed product kiyrneans of adhesive 504. and on leg gathers 

55 603 are prot^kJed composed of a lkiuklimpenfk)us sheet etto 

411. and the other side is made to face the end of the other leg gattier 603 at sonrie interval in which imerval the ^ 
portion of the absorbent tube 600 is kxated. 

[0148] Other examples of an absort>em sheet of the present invention are descrbed with refe^ 
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nying drawings: 

[0149] Fig. 39 shows a sheet material where on a Uquklinpe^ made of flexa>le thermoplastic 

fflm mariy dents 71 3 are formed having openings 712 in the bottom. An ab6ort>ent sheet where the dents 71 3 are filled 
withab60fbemnriaterialiS8howninFigs.40and41.Theat36oibe^ the SAP particles 714 on 

5 the mner wall of the dent 713 of the liquid tnrpervious sheet material 71 1 with the HFFM 715. 

[0150] In general, such a staicture is preferable as smaller dents are filled with finer particles and larger dents are 
f Died with coarser particles. 

[0151] Ateo, Rg. 42 shews the steps of making other absorbent sheet of the present Invention. In the step of Rg. 42(A) 
a liquid impervious sheet material 721 and a liquid pervious non-woven fabric 722 having a lateral extensOailrty are laid 

10 one each other with a hot meH adhesive layer (not shown) in between, and in the step of Rg. 42(B) many grooved por- 
tions 723 extending in parallel to each other are formed by means of hated grid roll, and at the same time, the fiquid 
impennous sheet material 721 is bonded with the liquid pervious non-woven fabric 722 at the positions of the grooves 
with hot melt in between. This composite she^ is. in the step of Rg. 42(c). extended in a direction perpendicular to the 
lon^tudinal direction of the grooved portion 723. whereby the liquid impervious she^ material 721 is cut off at the posi- 

15 tions of the grooves 723 to form dents 724. The dent portion is made up of only the liquid pervious non-woven fak)ric. 
Next, in the step of Rg. 42(D). slurry where the SAP and the HFFM are uniformly dispersed in a dispersion medium of 
a water nruscible organic solvem and water is applied onto the fiquid penm^ 
ing the Dquid oonrponem and drying, the dents 724 are filled with absorfoem m^ 

HFFM. Lastly, in the step of Rg. 42(E). the topsheet 726 such as non^woven fabric is disposed on the fiquid inpervious 
20 sheet material 721 and the absorbent material 725 and the liquid impennous sheet material 721 and the absort>ent 
material 725 are bonded to the topsheet 726 at the position 721 where no absorbent exists. 
[01 52] Rg. 43 shows a liquid irrpervious sheet material where the many dents fornied in the step C of Rg. 42 are 
drcular. Rg. 44 shews a sheet material where the dents 724 in the step D of Rg. 42 are f filed wi^ 
rial 725. 

2S [pi 53] In the ak)6ortient sheet as shewn in Rg. 42, the non-woven falMic 722 constituting the composite sheet together 
with the liquid impervious sheet material 721 is preferably a non-woven fabric of 10 gAn^ to 50 g/m^ weight such as a 
non-woven fabric of a hydrophobic synthetic fiber such »PE. PP and PET and a non-woven fabric of a mixture of a 
synthetic ft>er and a cellulostc fiber such as rayon, Lyocell and cotton. 

[p154] Rgs. 45 and 46 show configuration where a fiquid impervious sheet material 721 is fonned in a comjgated 
30 sheet and absort)ent material 725 is cfsposed and fixed in narrow bands or in bars in the bottoms of dents 724 of V- 
letter shape extending in parallel to each other. 

[01 55] Also. Rg. 47 shows an example where the absort>ent material 725 is disposed in dots, not in bands or bars as 
shown in Rgs. 45 and 46. 

[0156] In the stmctures shown in Rgs. 45to47. the liquid impervious sheet material 721 may have or have not open- 
as ingsinthebottonr^of thedents724. 

[0157] In any case, the derrts 724 formed on the liquid impervious sheet material may have an inr>er wall exterxiing 
perpendicularly to the surface of the sheet material, but preferably, should have a funnel-fike taper with the size becom- 
ing smaller from top to bottom which allows at)sort>ent material to f iU in more easily. The size of derrts depends upon tfie 
size or shape of the absorbent material, but should be at least 0.3 mm. preferably 0.5 mm in the cfiam^er if the dents 
40 are drcular or. in the width of the shorter direction if the dents are long and nar 

groove. It is because if the diameter or width is too smafi. it is difficult to hold a sufficient amount of absorbent material 
stably in the dents. 

[0158] Next briefly, processes preferably applied in making the absorbent sheet of the present invention are 
described using the HFFM, the SAP and a short-cut staple fiber component A process of adding the short-cut staple 
45 ifb& component is selected, which is optinum depending upon the characteristic or property of the short-cut staple 
fa)er component nanrely in dry state or wet state, the necessity of fibriltetion, Rgs.48to51 show several exanples of 
representative processes of making the absorbent sheet. From these i\ow charts the configuration of each process can 
easily be understood. 

[01 59] Rrst of all. typk»l model examples of the composite absorbent of the present invention composed of lour com- 
50 ponents of the SAP, the MFC. short-cut staple fibers and a supporting sheet are shown in Rgs. 52 and 53. Rg. 52 
shows the composite absorbent in a dry state, and Rg. 53 shows the composite absoft>ent of Rg. 52 which has 
at)sort>ed a liquid and swollen. In Fi^ 52 and 53. reference numeral 111 represents a siA>strate, on the surface of 
wrftich the SAP particles 11 2. a short-cut staple ftoer component 1 1 3. and the HFFM 1 1 4 are held. As shown in Fig. 52. 
the SAP partk;les exist cfispersed or with plural particles securely bonded by the MFC when they are in dry state, while 
55 groups of the SAP particles are contains with leeway as covered by the shorts s^ 
umbrelfa. 

[01 60] When body exudates are discharged into the composite absort>ent. the SAP absorbs them to swell. At that 
time the hydrogen bonds of the MFC are cutoff, and the SAP swefis more freely but wit^ 
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is contains so that the SAP is prevents from going out of the netmrk. 

[0161] Rg. 54 is a structure where, by using a bulky substrate, the effects of the network are inproved in concert with 
the effects of the short-cut staple fiber component. In Rg. 54, reference numeral 111a represents a high density layer 
of the substrate. 111b represents a kw density layer of the substrate. 112 represents the SAP particles. 1 13 represents 
shortcut staple fa>erB. and 1 14 represents the HFI^. It is shown that the SAP particles are captured with relative lee- 
way among the ftoers of the tow density layer of the substrate 1 1 1 b. In the present invention. absoft>ent layer may be 
provkJed all over completely on either surface of the supporting sheet, but may also be provkied in rows or any desired 
pattern. Also. b)f provkling absorbent layer only on either surface of the supporting sheet, a oomposrte absorbent having 
a suffkaem absorbng capacity can be constituted, but in case the sif>portin^ 

tacts both skies of the siworting sheet absorbent layer may be provkied on both sides of the stpporting sheet 
[0162] Methods of evaluating the properties applied in the present inventton are descn'bed betow: 

1) Standing sustainability of the swoUen SAP in a composite absort>ent when wetted Cut a r 
from the composite absort>ent to make a sampla 

0 Standng sustainabiGty of the SAP 

[0163] Place two rectangular sample pieces with the SAP skie i4>ward at approximately 2 cm intend on a Petri dish 
of 1 2 cm diameter, add 50 ml of 0.9% NaCI (a phy8»k)gical safine solution) gently and altow to stand for 1 0 minutes for 
theSAPtoswen.>risuallyob6en^theoonditk>nwheretheSAPas8wonenconmofffrm sanples into the lk|uid. 
(Judgement criteria) 

® The SAP swells but little SAP is observed to come off. 

O As the SAP swells, a little SAP is observed to come off. 

A As the SAP swells, the SAP is observed to come off appreciably. 

X As the SAP swells, the SAP is observed to conrie off very nrttjch to pile if> in the BqukL 

® Stancfing comkig off of the SAP 

\pt 64] The procedure is the same including the judgment criteria as in the standing sustainability test, except that two 
sample pieces are placed with the SAP skie downward. 

O Vertk»lly suspending sustainability of the SAP 

[01 65] Take out the samples from the IqukI with a pair of tweezers immediately after the evaluatton In the above- 
descn'bed standng sustainability test hokl one end of the tongitudinal directton with a cGp to vertk»lly suspend, and 
virtually judge the conditton of the swollen SAP coming off from the supporting sheet 
(Judgement criteria) 

@ UtUe swollen SAP is observed to come off. 

O A little SAP as swollen on the surface is observed to come off. 

A Of swoUen SAP, a part of the SAP on the surface is observed to conie off. but the SAP in dre^ 

supporting sheet is not observed to come off. 

X A majority of swollen SAP is observed to come off. 

2) [)tspersk>n of an absorbed Bqiid by a composite ab6ort>ent 

[0166] CutadrdeofScmdaineterfromtheGompositeabsorbemtonekea 

0 Absorbing time of dropped yqud(seconds) 

[0167] Place the sample on a Petri dish of 12 cm diameter with the SAP skie if)ward. drop 1 ml of 0.9 % NaCI (a 
physiological saline solutk)n) with a burette in the center of the sample taking apprcxknately one second, and measure 
the time (seconds) until the dropped fiquki is absorised. ' 

® Dispersing time (seconds) 

[0168] Pin 100 ml of 0.9 (a pfiysk>k)gk»l saline solution) in a Petri di^ 
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with the SAP side upward with the side of the supporting sheet in contact with the liquid, and measure the time until the 
liquid disperses on the whole surface of the sample and the applied SAP finishes swelling on the whole suifaca 

3) Thickness of S(4)porting sheet (mm) 

5 

[0169] Cut a drde of 5 cm diameter from the supportirrg sheet to make a sample. Measure u^ng a thickness gauge 
of Daiei Chemical Precision Instruments MgL Ca. Ltd. with the area of the probe of 15 cm^ (43.7 mm diameter) and the 
measuring pressure of 3 g/cm?. 

10 4) Apparent density of supporting sheet (g/cm?) 

[0170] Calculate from the weight (gAcm^ and the thickness of the supporting sheet by the fblkiwing formula: 

Apparertdensity(g/cm®)=[weight(g/hi^)/10*]xI10/lhkiOTess(nfun^ 

15 

[0171 ] Other composite absort>ent sheet emtxxlying the present Invention are descn'bed where an absort)ent sheet 
is pro\nded with a liquid pervk)us supporting sheet and an absort 

surface of the fiquid penoous supporting sheet with the absorbent layer forming a pluiafity of high absorbing regions 
having higher absorbing capability than the other regions as cRstrlxjte^ 
20 pervious supporting sheet 

[01 72] Fig. 55 typically shows a plurality of high absortxng regions having Ngher absort)ing capabflity of the at>sort>ent 
layer and tow absorbing regk)ns having lower absorbing capabflity on the supporting sheet embodying the present 
invention: on the drawing the white cofored pans show high absorbing regior» 
absorbing regions 220. 

ss [0179] Rg. 56 IS a fongitudinat cross-sectfonal view of a part of the ab8ort)ent sheet shown in Fig. 55. Reference 
numeral 203 represents a SMpporting sheet m^e of materal such as nor)-woven fabric having an appropriate liquid 
perviousness. arvl on either surface of this supporting sheet 203 at>sort>ent layers 200 are provided forming regions of 
higher absortMng capatMlity 210 and regfons of kswer absort)ing capability 220. 

[0174] The absorbent layers 200 are composed of the SAP partKles 201 and the HFFM 202 existing around each 
30 particle 201 . and the HFFM 202 bonds the SAP partKles 201 together and is bonded to the surface of the supporting 
sheet 203 to function as a means of transferring a liquid to be absort^ed to each particle. 

[0175] In the examples shown in Rgs. 55 and 56. the difference in absorbing capability between the high absorbing 
region 21 0 and the low absort>ing regfon 220 of the absorbent layer is realized by the difference in the thickness of the 
absorbent layer. This thkskness is represented apparently by the configuration of the layer of the absorbent polymer, and 
35 as shown in Rg. 56, the thinner layer is in one layer, and the IhkAerla^ 

[0176] An example off norviAwenfabrk: having preferable properties as material of 

invention is, as prevfously proposed in Japanese Patent Examined F^iblication Na HEI 9-59862 of the present appli- 
cant non-woven fabric where spun borid having a b»-conrponent structure is used 

shown in Fig. 57 to provide a cross-sectional structure as shown in Rg. 58. This non^woven fabric has a property of 
40 being more likely to etongateniuch only in one directfon. In R 
the preferable range of L is 1 mm to 5 mnrt 

[01 77] Another example of non-woven fabric is, as previously proposed by the present applicant in his Japanese Pat- 
ent Application Ho HEI 8-34541 0. non-woven fabric where a highly elastk; net and a f ber web are partially laminated. 
This laminated non-woven fabric has a stmcture, as shown in Rgs. 59 and 60, where on both surfaces of a net 407 
45 where longitudinal elastic string 405 and lateral elastk; string 408 are intersected with each other and bonded at points 
of intersectk>n. identical or different webs 408 and 409 are laminated, and the net and the web are bonded afong bond- 
ing lines 41 0 arranged in parallel to each other so that the laminated non-woven fabric has a property of being likely to 
elongate much only in one dketidon perpendk:ular to the borxfing Bnes 410. 

[01 78] The SAP can be beforehand carried by a supporting member previously fonmed in the shape of a sheet but 
50 can also be introduced into a supporting sheet when ttie supporting sheet is manufactured by practising the present 
inveritfon. An at)sort)erit conposrte can t}e obtained, for example. t)y n 

pie fiber arxJ fbrous SAP. by, after laminating a pu^, the SAP and easy-smelt staple ftoers by an air-laid metixxl, heat 
treating to fix ttie laminated composite, or by, after iirpregnating a non-woven web witti acrylic add monomer, polymer- 
izing and cross-linking such irrpregnated non-woven web The surface of the carried SAP ntay be exposed or may be 
55 covered by tissue or the like. 

[0179] Next with reference to tiieacconrpanying drawings, an apparatus suita^ 
of the present invention is descried betow: 

[0180] In Fq. 61, r^erence numeral 31 represents a tank for storing ion-exchanged water, 32 represents a tank for 
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storing the HFFM stock solution. 33 represents a tank for storing acetone, and 34 represents a tank for storing the SAP. 
The HFFM water dspersed stock solution taken from the tank 32 Is introduced Into a mixing unit 35 proved with a stir- 
rer, diluted in the mixing unit 35 with vwater taken from the tank 31 . and. then, pumped into a second mixing unit provkied 
with a stiner. Into the mixing unit 36. acetone taken from the tank 33 is Introduced, and this mixture is pumped into a 
third mixing unit 37 provided with a stirrer; Into the mixing unit 37 the SAP partk^ies are introduced from the tank 34. and 
in this mixing unit the HFFM. the organic solvent, water and the SAP are mixed to fomn their mixtura 
[0191] On the other hand, an appropriate supporting sheet 13 of such material as non-woven fabric is unrolled from 
a roO 38 and then introduced to a fbrming area 40. The forming area is provkied with a t>elt conveyor 41 andanozzle 
42 located cfisposed over the k>elt of the beH conveyor. The mixed dispersk>n liqucl from the mixing unit 37 Is punped 
to this nozzle 42. While the siworting sheet 1 3 is being conveyed by the belt oonv^ 41 at a prescribed speed, the 
mixture dispersion \iqM is sprayed from the nozzle 42 onto the SMpporting sheet 1 3. Ihe nozzle 42 may be of various 
conf iguratk)ns depending upon the patt^ of absort>ent composite layers formed on the supporting sheet 13. 
[0182] The forming area 40 is further provided with a roll press 43 coiTposed of a pair of ro^ 
coated with the mixture dispersion Bquk) is pressed by the roll press 43 so ttiat the solvent contained In the dispersfon 
mecfium is squeezed and the sotverrt as separated is pumped to the second mixing unit 36. 
[0183] The sufjporting sheet 13 after coming out of the fbrming area is sent to a drying area 50. To the drying area 
50 hot air is SMPplied In whk;h area a pair of porous rolls 51 and 52 are provkted. The supporting sheet 13 and the mix- 
ture dispersion fiquid sprayed on the sheet are dried while they are being conv^ed along the peripheries of the porous 
rolls 51 and 52. 

[0184] The supporting sheet after oorrang out of the drying area is compressed in a oorrpresslng area 60 consisting 
of a pair of press rolls 61 and 62. and thus, a product where absort>emoonriposite layers are fornried on the 
sheet 13 is obtained. 

[0185] Fig. 62 shows a system wherein an apparatus for making the HFFM from acetyl ceilutose is corTt}lned with the 
apparatus shown in Fig. 61. In this system acetate dope is stored in a tank 31a, a coagulation ikiuid is stored In a tank 
32a,and acetone is stored in a tank 33a The acetate dope and the coagulatkm IkjukJ from the t^ 
sent to an aspirator type f ibrfllating unit, where fforillatfon Is carried out The fibrils are refined nri a mixing unit 35a to 
obtain finer f Ixils. naniely the HFFM in sluny The HFFM are then mixed in a second mixing unit 36a with acetone from 
the tank 33a. and again mixed with the SAP in another mixing unit (not shown). The subsequent steps are the same as 
those of the process of Fig. 61. 

[0186] Fig. 63 shows an example of another apparatus for applying a mixture dispersion Ikiuid onto the supporting 
sheet 13 In the fbrming area 40 of Fig. 61. In Rg. 63. reference numeral 44 represents a top-opened tank for storing a 
mixture dspersfon lk)ukJ. and in the tank 44 a dipping roll 45 Is disposed wtuch Is rotataUe with a horizontal shaft in the 
center with a part of the periphery being df)ped in the mixture dispersfon Gquid. Also, a pair of rolls 46 and 47 are pro- 
vkied which are rotatable with a shaft In the center in parallel, respectively, to the dipping rolls 45. The roll 46 is con- 
tacted with the periphery of the cfipping roll 45 with pressure, and, as. for exanrple. shown in Fig. 64, has many ring 
shaped ^ooves on the peqphery. Through the nip between the roll 46 and the other roll 47 which has a flat surface the 
supporting sheet whfoh Is to be coated with the mixture dispersfon Iqukf is made to pass. The mixture dispersfon lk|ukl 
stored in the tank 44 deposits lyy its own viscosity on the periphery either in the tank, and is trans- 

ferred onto the supporting sheet via. the groove roll 46. Thus, as shewn in Fig. 65, mixture dispersfon lk?uid layers 48 
in many bands arranged in parallel to each other are formed on the surface of the supporting sheet The grooved pat- 
tern formed on the roll 46 can be freely designed, and the mixture cfispersfon liquid can be applied onto the supporting 
sheet in a pattern corresponding to the pattern on tiie roll 46. 

[0187] The features and properties of an absorbent product in whk^h the highly absoft>ent composite is incorporated 
are described briefly t>ekyw: 

[01 88] When the highly absorbent composite is used In an absort>ent product, firstiy, the product Is extremely thin and 
compact before wom and while worn before it absort>s a Ikiukl. so that the SAP partfoles are heki securely and stably 
and therefore, if it is fbUed or bent, the SAP particles do not rnove or corne off. The stnjcture of the product does not 
breakdown. 

[0189] Secondly, when a Iquid is absort)ed by the absoit)ent product although it is of a structure of pulpless with 90% 
or more of the SAP. the product absort)s the Bquid very quicWy without blocking thanks to tiie hydrophilidty and physical 
forms of the HFFM. 

[01 90] Thirdly, after a liquid is absorbed. swoUen polymer particles are heki stiU securely by the networit of ttte HFFM 
and are thus prevented from coming off. 

[0191] The fourttY feature of the absorbent product relates to a characteristic when it is disposed of. The a^ 
the present invention when it is In contact with excessive water remains stal3le as it is, but. If shearing force is applied, 
it Immedatety is dissociated. The absoibent is suitable fw making a f lushable. In addition, since the cellufosfo HFFM is 
extremely high in celfolase enzime activity, the structure of such HFFM if buried in ttie land is dissociated in a short 
period of time. Furttier, if any biodegradable aminoacetic type absorbent polymer or the like Is combined to make ttie 
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SAP. an ideal nature-friendly absorbent can be designed. 

[01 92] The configuration of an exanrple of an apparatus for making tfie absorbent sheet as shown in Rgs.55 and 56 
is described with rtference to Rg. 66 below. In Fig. 66. reference numeral 311 represents a slurry supplying pipe by 
means of which a slurry dispersion liquid containing the HR=^ and the SAP supplied, and to the slurry si^aplying pipe 
5 311 a plurality of pipes 313 each on the top end of which a nozzle 312 is provided is connected. Each pipe 313 is pro- 
vided with a pump 314 as a transferring means of sucking the sluny cfispersion Gquid from the slurry supplying pipe 31 1 
and discharging the liquid from the nozzle 312. The pump is driven by a motor 315 which is used in common. 
[0193] On the other hand, it is so designed that the liqiAdpervk>ussupporta'^ 

the slurry dispersion BqukJ discharged from the nozzle 31 2 is conveyed at a constant speed in a directk>n incOcated by 
10 an arrow in the drawing. Each pump 314 is capable of SL|)plying the slurry dispersk>n liquid at a periodically varying 
pressure to the nozzle 312. and as a result, on the Bquki pen^ous supporting sheet 203, bands 31 6 of slurry dispersbn 
liquid of a number corresponding to the number of the nozzles 312 are formed and each band 316 can be made differ- 
ent in the thidoiess of the ak>sort>ent layer and has a indefinite margia 

[01 94] A means of forming a distribution of patterns is that, at the step of coating the surface of the Ik^uid pervious 
IS supporting sheet with the (fispersion liquid sipplied in a constant f tew, a nozzle is used having a structure or functfon 
of imparting an appropriate pattern to the thkiross and/or width of the coated layers. 

[01951 A nozzle of this function may be ones shown in Fig& 67 and 6a The nozzle 312 shown in Rg. 67 has a str^ 
ture that two sifts having a prescribed length each are fbnned from the tip portion of the 

tip portion is divided intotwotfps321 and322.and,a8are8ult,adi8chargnig ouflet is formed on each of ttietv)s 321 
20 and322. 

[0196] fan addition, the nozzle 312 shewn in Rg. 68 has a stmcture that four slits having a prescribed lengtti each are 

fbrnied from the tip portion of the tube shaped body 320 and the tip portion is ttius divi^ 

In this case, on each tip of the four portions 323 to 326 a dschar^'ng outiet is formed. 

[0197] Exairples of other stmctu^es of the nozzle are shown in F^69 to 71. The nozzle 312 
2S ture in which on the tip of the tube 331 having rigkiity or some flexfoOity a tongue portion 332 is lornried in an inte 

w^. Alsot the nozzle 312 of Rg. 70 has a structure in whk:h on the tip of ttie tube 331 a separately prepared tongue 

portion having rigidity or some flexibility is mounted. Further, the nozzle 312 of Rg. 71 has a staicture in whfoh on ttie 

tip of ttie tube 331 a separately prepared flexible tongue portion 334 and a reinforcing member 335 on ttie outskfe of 

the ton^e portion are mounted. 
30 [0198] In the cases of the nozzles shown in Figs. 69 to 71. a discharging outiet on ttie opening on the tip of 

331 and a discharging outiet on the tip of each tongue portion 332 to 334 are formed so that each nozzle is provkied 

with a plurafity of cfischarging outiets. 

[0199] These nozzles 312 are disposed at rigm angles to the ik^ukipenffous supporting sheet 203 tote 

the slurry cfispersion Iqukl as shown in Fig. 72 or inclined by some degrees q to the Tiquid pervious supporting sheet to 

3S be coated with the slurry dispersfon lk)ukl as shown in Rg. 73. When the slurry dispersion Ik^uid is discharged from the 
nozzle of this disposition, the dispersion BquxJ s discharged in a direction of fower resistance depending upon the cfis- 
charging pressure so tiiat coating is conducted in a pattern having indefinite margins. 
[0200] The reason why the abov&Kiescrfoed operation is conducted wrtti relative ease is because the slun^ 
the SAP and the HFFM has a structural viscosity (thixotn^pk; ffov^. The proper 

40 easy operation of the coating that the slurry is discharged from the nozzle keeping a high ik|ukiity while it has a dis- 
charging f fow vek)city. but after discharged it foses the Oquklity and solkf if ies. 

[0201 ] As a result of this, a plurality of high absorbing regkwis in bands varied in ttiickness and having ind^nite mar- 
gins are formed on the surface of the ik^uki pervious supporting sheet 

[0202] Another means of forming a distributed pattern of absort>ent layers on the supporting sheet is to give pulsation 

45 eflMs by incorporating a pulsation generating area in either of or both of the nozzle 

feeding mechanism of ttie supporting sheet By this means at)sort>ent layers which are periodically varied in thickness 
arxJwkfth can t>e formed. lntheabove,themetfiodsof utilizing the pulsation of a pump^ utilizing a special type of a noz- 
zle, and vibrating an apparatus to give pulsating effects to the dispersfon sluny as tiie me^ns of forming a distribution 
of patterns are described. To be combined with either of the niethods ttiere is ^ 

so em in partide size or shape or gives a large (fifference in absorbing speed a>-GKist in ttw Inthiscase. 
witti ttie unHbrm dispersion and the stable discharging from the nozzle taken into conskleration. It is preferable to cfis- 
perse such SAP as is of larger particle size or of different shape in a dispersfon system of such SAP as is of relatively 
fine particle siza 

[0203] Nfow. tiie purpose of forming a distrfoution of patterns like this is that while, having different distributions of con- 
55 cemrations (higher and kjwer concentrations), of densities (Ng^ and fower densities), and of thkAness (ttikter and 
thinner)and at the same time inaeasing the surface area of lower corx^entraticn portions. rajMd at>sort>ing and diffusion 
are obtained by utilizing lower concentration portions or non-absorbing portions and time requiring but stable absorbing 
is realized by utilizing ttikAer OKicentration portions so that an absorberit suitato 
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sUe utilizing a structure of as many phases as possible can be designed. On the other hand, by iirparting thfe structure 
suffidert flextoillty can be imparted to the whole of an absofbert s^ 

the portion which ©coated thick with absorbent l^erh^ rigidity and is hard to bo bertwvhilem^ 
or not coated with absorbert layer is very easy to be bert with the property of m 

[0204] This method is extremely effective from the commercial viewpoint. Figs.74 and 75 show exairples a process 
of making an absoft>ent sheet having a plurality of high absorbing regk>ns having high absorbing capabifity distributed 
in a pattern according to the present invention. 

[0205] A coating apparatus shewn in Fig. 74 is conposedasfoltows: a suction 

ported with a shaft and arranged in parallel to each other are provided and a lk?uid pervkHJs supporting sheet 203 is 
guided via ^jide roll 343 to the suctkm roll 341 and at the position where the liquid pervious supporting sheet 203 is 
rotated approximately one fourth of the periphery of the &uctk>n roll 341, the liquid pervious supporting sheet 203 comes 
in contact with the heat press rofl 342. and then while in contact with the heat-press roll 342 the lk]ukj pervious support- 
ing sheet 203 is rotated approximately one half of the per^ery of the heat press roll 342 .and finally is guided via a 
guide roll 344 to a dryer (not shown). 

[0206] Asuclwn area 345 is provided in the suctfon roll 341, wrtiich area forrns a re^ 

supporting sheet 203 conveyed in contact with the periphery of the suction roll 341. A nozzle 312 is disposed at a posi- 
tk)n where the nozzle 312 can discharge a slurry disperskm liquid onto the surface of the liquid pervkxjs supporting 
sheet 203 in this suction area, and forms l^ers in a desired pattern on the liquM penoous st^sporting sheet 203. 
Reduced pressure generated in the suction area makes the slurry dispersion Oquid adhere to the surface of the liquid 
pervious sipporting sheet 203 and at the same time sucks an excess of the solvent contained in the slurry disperswn 
liquid together with surrouncfing air. The sucked lic^ki is guided via a pipe 346 to a strainer 347 where the Bquid is sep- 
arated into sotvem and gas. The solvem thus separated is taken out via a P9)e 349 for 
liquid, and the gas is (fischarged outskle from a pipe 348 via a vacuum pump (not shown). 
[0207] The Ikiukt pervious siworting sheet 203 Is then a>nveyedwhaei^ 

process off whfch slurry dispersion Oquid as heated is adhered to the liquid pervknis supporting sheet 203, and the 
obtained absort)ent sheet is then gukled via the guide roll 344 to the dryer where the absort)ent sheet is cfried finally. 
[0208] A coating apparatus shown in Rg. 75 is only cfifferent from the coating apparatus of Fig. 74 in that in additkm 
to the suction area 345 disposed fadng the nozzle 312, a second suctk>n area 350 is provkJed as disposed in the nip 
with a heat press roll 342. In the second suction area 350, the solvent is further strongly sucked and separated from the 
slurry disper5k)n IquU whfle the slurry disperston Ik^uxi is pressed between a suctton roll 341 and a heat press roll 342. 
[0209] A coating apparatus shown in Fig. 76 is different only in that a nozzle 31 2 is designed to apply a slurry disper- 
son liquid not over a suctton rofl 341 but on the periphery of a supporting roll 351 provided before the suctk)n roll 341. 
[0210] Sluny to be obtained by dispersing the SAP and the MFC in a disperskm medium of waterAxgank: solvent! 
when the slurry is discharged from a nozzle and applied to a supporting sheet to for^ 

separated into two phases depending i^xm the condrtkm of the dispersion medium, solids may setUa Ther^e, the 
solds in the slurry may settle in the transportatkx) in a configuration of the apparatus where, as shown in Rg. 61 , the 
slurry IS gukJed to a nozzle via a dispersion tank, a slunrypuinp^ a pipe, and a header (supplying tanl^. In such case, it 
is preferable to directly connect a discharging nozzle to each slurry pump and to apply the slurry from this discharging 
nozzla Fig. 90 shows an example of this stnjcture: slunry is applied in may bands extending in parallel at intervals. 
[0211] In the configuratfon niustrated In F^. 90. slurry Is applied in many bands extending in parallel at intenols on a 
supporting sheet as shown in Fig. 91. In applying the slurry on the whole surface of the sMpporting sheet, two pairs of 
a plurality of slurry pumps provided with a plurality of discharging outlets may be arranged in front and in rear in the 
directk>n of running of the si^sporting sheet so that the discharging nozzle in rear are (fisposed in between the discharg- 
ing nozzles in front 

ExaiTples 

[0212] The exanrples of practk:ing the present inventton are described hereunder: 
(Example 1) 

Preoarina the HFFM dispe rston liqukte 

[0213] Ethyl alcohol and ion^changed water were added to a (fispersion IxiukI of the S-MFC (made by Tokushu 
Paper KWg. Co.. Ltd) m gel stale of 3.0% water cfispersion as a slock liquW. to nfiaketh^ 
lk)uki where the ratk) of ethyl akx)holAMiter was 70/30 and tt^ 
%. respectiveiy 
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Preparing the HFFM/SAP coexistent dspersion Hauids 

[0214] 10 grams of the SAP (niade by Sanyo Chemical industries, Ltd. under the trademarl( "IM-6700") passed tyy 60 
to100mesh\M«addedto50GCGf each of the ak)ove-mentioned three londs of the IHFFM dispersion liquid to prepare 
the HFFM/SAP dispersion slurry. 

[0215] The prepared dispersion slurry is descra)ed as follows: 



Tat)le2 



Experiment No. 


Ethyl afcohd^vater 


Concentration of S- 
(MFC(%) 


S-MFC/SAP X 100(%) 


No.1 


70/30 


0.2 


0.1 


No. 2 


70/30 


0.5 


2.5 


No. 3 


70/30 


1.0 


5.0 



Fbnnina the HFFM/SAP composfte sheet material 

[0216] Each of the dispersion liquids while stirred was sut>jected to removing the liquid component under a pressure 
recfcjced by an aspirator, and then dried at y C under reduced pressure while spread on a PP non-woven falxic. 
[0217] The coriiposite after dried was fornrwd in spyft)eanshap^ 

nriesh shirting was cnjshed wHh a wood harnrner. and passed by a 40 to 60 mesh to run at>^^ 



Tabled 



Experiment Na 


Crushed state 


Na1 


Relatively easily crushed 


Na2 


Hardened and hard to be crushed 


Na3 


Hardened in pebble-like lumps and sticMy, and extremely ahrd to be crushed 



[0218] The highly absorbemcornposite crushed into powder had, observed t^ a microscopOpte 
the HFFM as shewn in Figs.7(a) and 7(b). 

Evqlyiating absprt^gnpy 

[0219] The water absorbing speed, gel block state. absort>ed anxxint of water, and retained amount of water of the 
abcve^iescribed SAP (both passing tyy 60 to 100 mesh and 40 to 60 mesh) were mea^ speed, 
an initial ak)sort)ing time (sec.) required for al>sort>ing 20 cc of water was measured. For the at)Gort>ed amount of water 
and the retained amount of water, the SAP, after dipped in an excessive amount of physiological saline solution, was 
measured in accordance wHh JIS K-7223. The measured results are as shown in Table 4: 



Table 4 





BInak 


No. 1 


No. 2 


r^3 


Abeort>ed amount of ptiysk)- 
k)gk»l saline sclutk>n (g/ig) 


45 


47 


44 


46 


Retailed amount of physk)k)gh 
cal saline solutk>n (g/g) 


35 


34 


34 


36 


Absort>ing speed of physntogi- 
cal saline solution (sec.) 


15 (Ur»wollen lurrp generated) 


5 


10 


30 (Unswollen lump partly gen- 
erated) 



[0220] As deariy shown in the above-tabulated results of measurements, the absort>ency and the water retentk>n 
were little affteted by adding the S^FC. On the other hand, as the concentratk^ 
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1 to Na3. the kxxiding strength of the SAP was increased, but the SAP became haider to handle because it was hard- 
ened. Moreover, since the concentration increased, the ab50rt)ing speed was lowered. Therefore, in such applications 
as such properties (absorbing speed and the Ite) are iirportant. the percentage of the HFFM to be added to the SAP 
should be preferably 5 % or lower. (Example 2) Concentration of the HFFM and the properties of a composite sheet 
5 material. 

Preparing the HFFM dispersion liquid 

• Preparing a bacteria cellulose (BC) stock solution 

10 

[0221] BC (made by B.P.R.) where the concentration of solids was 30 % was stirred and dissolved in ion-exchanged 
water a mixer for approximately 2 hours to prepare a stock solution where the concentration of solids was 1 .2%. 

• Preparing ethyl alcoholAwater (fispersion Ikpjids of BC 

IS 

[0222] Ethyl alcohol and water were added to a prescribed amount of the stock solution to prepare BC dispersion liq- 
uids of 0.02 % to 0.80 % BC. 

Preparing the HFFM/SAP coexistent cfisoersion liaifld 

20 

[0223] 5 grams of the SAP (made by Sanyo Chemical Industries. Ltd.) was added to 50 cc of each of the dispersion 
liquids of 0.02 % to 0.8 % BC to prepare BC/SAP dispeision liquids. In case the concentration of the BC was lower in 
the (fispersion liquid, the SAP settled, but as the concentration of the BC became higher, it became stabilized. By stir- 
ring with a stirrer, the systems were kept stabilized to match the conditions of the systems as desired. 
25 [0224] The descriptions of thus obtained BC/SAP coexistem dispersion Ik^uids are as follows: 



Tables 



30 



Experiment Na 


Ethyl alcohoVwater 


Concentration of BC (%) 


BC/SAP x1 00 (%) 


No. 11 


70/30 


0.02 


0.2 


No. 12 


70/30 


0.05 


0.5 


No. 13 


70/30 


0.10 


1.0 


No. 14 


70/30 


0.20 


2.0 


No. 15 


70^ 


0.40 


4.0 


No. 16 


70/30 


0.80 


8.0 


Blank 


70/30 


0 


0 



Forming the HFFM/SAP composite sheet material 

[0225] A filter paper and a substrate non-wo¥en fabric (made by Futanura Chemical Ca. Lid. under the trademark 
45 TCF 403". Of an apparent specific density of 0.07 gram/cm^ were laki on a Buchner funnel of a 1 1 cm inner diameter 
as connected to a pressure reducing apparatus, and 20 cc of the sticky dispersion Ik^kl was poured quickly onto the 
sut>stFate non-woven fakMic. The norvwoven fak)ric was subjected to rerrmal of the liquid component under reduced 
pressure and dried in fwt asr to form a composite sheet 

50 Comparison Of the properties of composite Sheet materials 

[0226] The properties of the composite sheet materials where the concentrations of the BC were cfifferertt were eval- 
uated and compared, which results are shown in Table 6. The experimental results show that, as the added anxHint of 
the BC was increased, the surface strength of the composite sheet materials was increased very much while the rigidity 
55 of the sheets was increased on the cAher hand. Therefore; it is necessary to property select 
BC according to the applications. 
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1We6 



Experiment Na 


No. 11 


hkk 12 


Na 13 


Na 14 


Na 15 


Na16 


Blank 


BC/SAP ratio (%) 


0.2 


0.5 


1-0 


2.0 


4.0 


8.0 


0 


Thickness (mm) 


0.60 


0.60 


0.55 


0.56 


0.58 


0.57 


0.55 


Weight (g/cm2) 


126 


131 


128 


126 


135 


130 


135 


Deposited SAP + BC (g/cm^) 


88 


93 


90 


88 


97 


92 


97 


Apparent specific gravity(g/cm^) 


0.22 


0.24 


0.24 


024 


0.25 


0.24 


0.28 


Rigidity (mm) 


85 


78 


68 


40 


25 


15 


85 


180 degree peeling test using 
cellophane adhesive tape 


Grade 2 


Graded 


Graded 


Grade 4 


Grades 


Grades 


Grade 1 



IP227I The evaluation methods for evatuatk)n items are descrbedbe^ 

Thickness (mm): Measu^ed by a thickness gauge (JIS) in the same way as descrft>ed in the abov& 
Weight (g) : M easured tog ether with the 8ut>strate of 11 0 mm diameter by an electron^ Roberval balance. 
Deposited SAP and BC (gAn^: Cak^lated deducting the substrate non-wov^ 
expressed in gams per square meter. 

Apparent speccfk; density (g/cm^): Calculated from the thxdoiess and the weight of the sii>^ 
and the weight of the deposited SAP and BC. 

Rigidity (mm): A sample of 110 nrmix 20 mm was measured by a method as shown in One end of 

the sanpleS was placed at the edge of a stainless steel measure M at right angle, and the scale of the measure 
was read at the position where the sample sagged (a mm). 

Evaluating the bonding stabflitv of the SAP (180 decyee peeli nq test usino ceiioohane adhesive tape) 

[P228] A cellophane adhesive tape (made by Nichiban Ca, Ltd. under trademark "CELLOTAPB^ of IS mm wklth was 
adhered on the sample in an adhered area of 1 5 nwn x 1 0 mm. and the adhered area was pressed lightly witti a flannel 
ck>th. and a U>ad of 1 kg/cm? was applied for 10 minutes. After the k>ad was removed, the celk)phane adhesive tape 
was peeled off by hand from the sample in a 1 80 degree peeling condition. By measuring the adhered area (%) of the 
SAP adhered on the cellophane tepe. the bonding sfrength of the HFFM was judged by such adhered a^ 
The judgement criteria are sfiown in Rg.79. 

Evaluating absorbed amounts of mter and retained amounts of water by composite sampi es 

[0229] The composite samples were dpped in a suffkaent amount of pfysnfogKal saline solution for 30 nvnutes and 
then the absoibed amounts of water and the retained amounts of water were measured by JIS K-7223. The measure- 
ments were converted into the SAP contents. The results are shown in Table 7 below: 



Table 7 



Experiment Na 


At)Sort)ed anv)unt of 
water (times) 


Retained amount of 
water (times) 


Used SAP samples (Blanl^ 


45 


37 


Na12 


44 


36 


Na13 


46 


38 




48 


36 
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(Example 3) Contimjous coating experiments 

[0230] A highly absofbemconposite was nrade by using an apparatus as provided with a coating 

unit as shewn in Rg.63, using the following materials: 

(1) Microfibril: S-MFC (made by Tokushu Paper Mfg. Co., Ltd.) 

(2) SAP: 1 M-4000 (made t>y Hoechst-Celanese Ca) 

(3) Suspension medium: Acetone^er system 

(4) Coating composition: 



Component 


% by weight 


SMFC 


0.4 


SAP 


30.0 


Acetone 


4a8 


Water 


20.8 



(5) Supporting sheet: A two-layered through-air thermal bond web non-woven fabric(40 g/cm^, apparent specific 
density off 0.06) having the following composHiOT 

Upper layer: Mixed web of rayon (4 denier x 45 mm length (70%)) and PE/PET (2 denier x 45mm length (30%)). 
approximately 25 g/cm? 

Lower layer: Single web of PE/PET bicomponent fS>er (2 denier x 45 mm length), approximately 15 g/cm^. 

[0231] A mixture dispersion liquid of the composition in (4) above was continuously applied in approximately 10 mm 
width at an interval of 5 mm width onto the surface off the supporting sheet 13 while the sheet was conveyed at a speed 
of 1 0 wfmn. AftenMardSk the solvent was removed from the dupporting sheet as oorrpressed by a roll, and then dried 
in hot air. 

[0232] The obtained highly absorbent composite sheet had the following characteri 



Weight 


195g/cm2 


Amount of SAP 


150 gAn^ 


Rigidity 


Longitudinal : 20 mm 


Lateral 


75 mm 


Surface strength 


dass 5 (180 degree peeling test) 



[0233] The retained anxHint of water in the absoit>ent was measured by JIS K-7223. As a result, the SAP retained 
water at tiie rate of 40.2 grams of water per 1 gram of tiie SAP. which was neariy equivalent to the level of the "blank". 

(Example 4) 

[0234] A commercially available ultra thin cfisposaUe diaper was used as the tlank*. A sample was prepared by 
removing absort>ent components including tissue from one of such disposable diapers and by. for such absort>ent com- 
ponents, incorporating an absort)ertconrposed of a highly absorbent conrposite off the ^ 

[0235] The absorbent incorporated in the sample vios prepared in ttie following procedure: first, a composite sheet 
as obtained in Example 3 above was cut in a shape and dimensions as shown in Rg.80. On the other hand, a pulp mat 
provided with tissue of approximately 90 g/cm? was prepared. Water drops were sprayed onto the composite sheet by 
a hand spray ftx a domestic use iron to nriate the weigW of tiie sheet 2 to 3 g/cm?. The cu^ 
sheet, and pressed ivKler pressure a iron m a tenrperature of 140 to 150<'C. 
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[0236] Frve pieces of the sanple w^^e prepared. For each sanple piece, the absort>ed amount of water, retained 
amount of water and rew^ were measured. The absoibed amount of water and the retained amount of water were 
measured JIS K-7223. The rewet was me^red as follows: 120 cc of physiological saline solution was poured onto 
a sample three times at 5 minute interval, and the rewet was nneasired for each ^ 
of 12.5 kg per at)sort>ent area. 

[0237] The above-mentioned test results are tatwiated in the following tabl& The measurements are shown in the 
average of the five sample piece& 



Tables 





Blank 


Sample Of the present 
invention 


urementitem 






Thickness (mm) 


3.2 


1.5 


W^ht of whole absorbent (g4>) 


26.0 


17.5 


Ruff pulp (g^)) 


11.8 


6.1 


Tissue (g/|p) 


4.0 


0.5 


SAP(g/|f)) 


10.2 


10.9 


Property of absoibent Measure- 
ment item 






Absort>ed amount of water (g/|;>) 


665 


557 


Retained amount of water (gfp) 


420 


42.5 


Re-wet (g) 






Rrst re-wet (120 cc) 


0.6 


0.4 


Second re^et (240 cc) 


0.8 


0.9 


Third re-wet (360 cc) 


3.9 


2.2 



[0238] From Table 8 it is shown that a sample where an absort^ent composed of a highly at>sort>ent composite of the 
present invention, which is approximately 70 % in weight and one half in thickness of a commercially available dispos- 
able diaper, has equivalent or superior absortxng properties compared with the latter. 

(Example 5) 

1) Preparing a SAP slurry 

[0239] To a cfisperskm WqM of 2.15 % water of the S-MFC (nrade by Tokushu Paper Mfg. Ca. Ud. under trademark 
'Sif)er Microfibril Cellulose"), required amounts of mter and ethanol were added to prepare a ethanolMater disperskm 
liquid (ethanolAwater ratio being 60/40) where the concentration of MFC was 0.86 % by weight 
[0240] To this dispersion liquid a shortH^ut staple ftoer component composed of tow melting point polyester/PET 
bicomponent fiber of 1 .5 denier and 2 mm fa>er length was added in an amount equivalent to ttie amount of the S-MFC, 
and dispersed witti a mixer. Then, as it ¥as stirred in a stirrer witti a propeller, a required amount of ttie SAP (made by 
Mitsubishi Chemk»l Co.. Ud. under the trademartc "Aquapeart US-40") was added to make a three component slurry 
corTV)osed of 30 % by weigM SAP. 0.6 % by weig^ MFC and 0.6 % by weigm short-cut ^ 

2) Preparing a supporting sheet 

[0241] A two4ayered spun-lace norMMOven fabric where a first l^er was composed of fine denier rayon fl)er of 1.25 
denier and 51 nrtm length arxl a secorxl layer was composed of coarse denier PET fber of 6 denier and 51 mmler>gth 
was prepared. The weight of ttvs non^woven fabric was 30 g/m^, witti an apparent specific density of 0.025 g/tom^. with 
the first later of higher density and the second laiyBr of tower densi^^ 
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3) Preparing composite absorbent 

[0242] The ttre&component slurry was appfied onto ttie second layer off the supporting sheet with a coater in an 
amount to make the deposited amount of the SAP 1 50 Qfn^, Then, immediately after it was sucked and the liquid com- 
ponent was renrK3ved, it was hot pressed for a few minutes at 180*'C. The supporting sheet was then dried in hot air to 
make a composite absort>ent (Q. 

[0243] Also, the CDmposrteabsort>em(0 was then dried in hot air again at 150^0 to niake a o}^^ 
[0244] The stnjcture of the absorbem composites (I) and (II) was obsen^edtiy a mk:f^^ 
Rg. 54, it was confirmed that onasecond layer lllbofasiworting sheet con^^^ 

second layer 1 1 lb and in the ^ce, the SAP particles 1 1 2 were piled and the short-cut staple f t>er conponent existed 
as entangled with the SAP particles and covering the SAP particles like an umbrella, and, on the suriiaces of the SAP 
partides and of the short-cut staple f S>er component, the MFC 1 14 was deposited. 

(Compaiative example 1) 

[0245] In Example 1 . a procedure applied in making the composite absorbent (II) was applied to make a conposite 
absoibem (ii) except that no shortKMt ^aple fber component was added. 

< Equating the composite ak}8ort>enls} 

[0246] With the three kinds of at>sort)ent composites obtained in Example 1 and Comparative Exanple 1 used, the 
suslainabimy of the swollen SAP and the cfifhfiion of absorbed liquid by the swollen SAP when wet were tested by the 
abovfrdescribed testing method& The test results are summarized in Table 9 below: ^\ ^ 



Tables 



Composite 
ak)sort)ent 


Sustainability of swoOen SAP 


Dispersion of absort)ed lk|uid 




StaiKling sustain- 
abifity 


Standing falGng- 
off 


Vertically sus- 
pended 


Absorbing time 
(sec.) 


Time till (fisper- 
sbn finished 
(sec.) 


to 


® 




©-0 


3--4 


40-50 


(") 


® 


© 


® 


3-5 


50-60 


m 


A 


A 


A 


3-4 


40-50 



[0247] From ttie test results tabulated In ttie abcve, ttie fblkiwing judgements can be made: 
0 Sustainability of ttie SHVollen SAP 

[0248] The corrpositeabsorbem (I) showed a good retention of ttie swollen SAP, whKh was nr^^ 
short-cut staple f ber containing an easy-to-melt oonponent incorporated. 
[0249] The conriposite absorbent (II) whk;h was heat treated adequately showed an out 
ticularty rigorous test of a vertically suspended sustainability. 

[0250] Hcwever, ttie composite absofbem(D) in Conparative Example 1 where no sho^ 

was Incorporated showed substantially tower su^nability of the swollen SAP than ttie ab6ort>ent composites (0 and 

(10 in Example 1. 

\P2S\ ] This was probably because, t>y incorporating short-cut staple fibers containing easy-to-melt f i>ers and by heat 
treating, ttie short-cut staple fbers were fused wrtti each ottier and ttie short-cut staple fbers and ttie stereo-specifk; 
fibers of ttie supporting sheet were fused in ttieir contact points, so ttiat stereo-specif k; networie vvere generated, whkii 
networis heU ttie swollen SAP 

0 Disperston of absortted liqukJ 

[0252] AlttKHjgh it was feared ttiat ttie combination of ttie easy-to-melt short-cut staple fft>ers and ttie ttiermal fuston 
of fibers by heat treatment wouU affect unfavorably ttie absorption and ttie diffusion speed of a liquid, ttiere was none 
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or little influence on the absorbing time and only a little influence on the time untfl (fiffusion was finished, which wasa 
le^el ne^er giving rise to any problems in practical use at all. 

(Example 6) 

1) Preparing the SAP slum'es 

[0253] To a 0.5 % water dispersion liquid of the BC (made by Ajinomoto Ca, Ud. under the trade- mark "Bacteria 
Cellulose") as the HFFM. required amounts of water and ethand were added to prepare an ethanol/Water dispersion 
liquid (the ratio of ethanol to water being 60 to 40) where the concentration of th^ 0.21 % by weight 
[0254] To ttiis dispersion liquid. PE pulp (male by Mitsui Chemical Ca. Ud. under the trademark :SWP-E400") of 0.1 
to 3 denier and 0.3 to 5 mm fa)er length as the short^ajt staple fbercomponert was added in amounts to make sev^ 
ratios of the shortK^ut staple f i>er component to BC (P/Q ratio), and the mixture was dispersed uniformly by a mixer to 
prepare sei^en kinds of disperston liquid of (tifferent mixing ratios. 

[0255] In addition, to each of the seven kinds (drffferent in mixing ratios of the BC and ttie SWP) of BC/SWP dispersk>n 
liquid while it was stirred by a propeller mixer, a required amount of the SAP (made by Mitsubishi Chemfeal Co., Ud. 
under trademark "Aquapearl") w^ added to prepare seven kinds of three component slurry. In all ttie threenxmponenl 
slurries the concentration of tiie SAP was 15% and the ratio of ttieBC to the SAP was 1 %.7h^ concentrations of ttie 
components and ttie (fi^persion of the SAP in all the three oorrponent slurries are shown in TaUe 1 0 below: 



Table 10 



Concentra- 
tion of BC 
(P)(%) 


0.15 


0.15 


0.15 


0.15 


0.15 


0.15 


0.15 


Concentra- 
tion of SWP 
(Q)W 


0.015 


0.03 


0.05 


0.15 


0.45 


0.75 


1.50 


P/Q ratio 


10/1 




3/1 


1/1 


1/3 


1^ 


1/10 


Susperh 
sbnofSWP 


SWP stably 


SWP stably 


SWP stably 


SWP stably 


SWP not 

coagu- 
rated, 

though con- 
centration 
gets high. 


SWPcoag- 
urated. but 
cant>e 
used as 
slurry. 


SWPcoag- 
urated like 
soyt)ean 
cake, and 
can not be 
used as 
slurry. 



[0256] In the P/Q ratios of 10/1 to 1/3 (concentration of the SWP being 0.45 %). ttiere was no coagulation of the SWP 
and the SWP was stably dispersed, but when the ratio exceeded 1/5 (concentration of the SWP being 0.75 % ). the 
slurry became ctoudy witti a little coagulation seen but still could be practically used. However, in case ttie P/Q ratio was 
around 1/10. ttie SWP coagulated too much to make a sluny Therefore, from ttie viewpoint of stable disperskm, ttie 
tf)per limit was judged to be 1^ for practical purposes. 



2) Preparing supporting sheets 

[0257] A two-layered ttirough-air ttiemfial bond norHwoven fabric was prepared, witti a first layer con^Dosed of a nvxed 
carded web of 50 % rayon of I.Sdenier and 40 mm lengtti and 50 % PE/PET bicomponent fiber of 2 denier and 51 mm 
lengtti and a second layer composed of only PEff^ET bicomponenlfiber of 3denier and 51 mmlengtti laM on each ottier 
and bonded in hot air. The weight of ttie nornwoven fabric was 30 g/im^, and ttie apparent specify density was 0 02 
g/cm^. 

3) Preparing composite absorbent 

[0258] Onto ttie second layer of ttiis supporting sheet each of ttie six kinds of ttiree^x)^^ 

one which couM not be prepared into a disperskm slurry because of ttie P/Q ratio 1/10 from ttie seven kinds of ttie 

ttireeHXHiponent shmry) was appfied by a coater in an amount to make ttie deposited amount of ttie SAP 1 50 g/^. 
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After suddng and removing the liquid corrponent were done, supporting sheets were heat pressed for several minutes 
t)y means of a heated roOer at 180^0 and then dried In hot air to prepare six ki^ 

< Equating composite ak)sort)enls> 

[0259] For the six kinds of composite aft)sort>em the sustainabilil^ 

li(^ by the swollen SAP when wet were tested by the above<iescra>ed testing me^ 
rized in the tolkswing table: 



Table 11 



Conposite 
absorbent 


P/Q ratio 


SustainablHy of snwollen SAP 


Dispersion of absort>ed liquid 






Standing sus- 
tainabilHy 


Standing sus- 
tainability 


Vertically sus- 
pended 


Absoft)ingtime 
(sec.) 


Time till dis- 
persion fin- 
ished (sec.) 


(110 


ion 


O 


o 


o 


3^5 


50-60 


(IV) 


S/1 


® 


o 


o 


5-7 


50-60 


00 


3/1 


® 


o 


o 


6-8 


60-80 


m 


1/1 


® 


@ 


@ 


8-10 


80-100 


(VII) 


1/3 


® 


® 


® 


20-30 


150-200 


(VIIO 


1/5 


® 


® 


® 


30-50 


240-300 



[0260] From the above-tabulated test resuHs the fblkywing judgements can be made: 
® Sustainability of the swollen SAP 

[0261] In the composite absoft>em where the coment of the SWP was low (P/Q = 10^^^^ 

in sustainability of the swollen SAP was seen, but as the content of the SWP inaeased, the sustainability of the swollen 
SAP improved: at around 3/1 of the P/Q ratk)^ the retention reached a nearly constant le>^el» and at the P/Q ratio of 1/1 
or higher, the sustainability of the swollen SAP in wet state was excellenL The lowest limit for realizing the effects of the 
SWP seemed to be around the P/Q ratio of sn for practical purposes. 

^Dispersion of absorl^ed Rquid 

[0262] The speed of a conposrte absoft>ent absorbing a liquid and the speed of the absorbed liquid being dispersed 
in the conrposite absort)ent were affected by the concentration of a shortHXJt s^ 

P/Q ratio. For example, in the absort>ent conposites (III) to (VI) of the P/Q ratio ran^png from 1 0/1 to 1/1 . ttiere was no 
appreciabte difference ainong them and they were an good However 

P/Q ratio of 1 /3 and 1 /5, while the sustainabOity of the swollen SAP improved, the absorption of a liquid and ttte dWusion 
of a liquid tended to be lowered 

(Example?) 

1) Preparing a SAP slurry 

[0263] To a 2.15 % water dispersion liquid of the S-MFC (made by Tokushu Paper Mfg. Ca. Ltd. under the trademark 
*Siper Micro Fibril Cellulose^, required amounts of water and propylene glycol were added to prepare a water/^opyl- 
ene glycol (PG) dispersion liquid (PQ^water »70/30) where tiie concentration of the MFC was 0.86. % by weight To this 
dispersion liquid, a required amount of the SAP (made Mitsubishi Chemical Co., Ltd. under the trademark "Aqua- 
peariUS^") was added to prepare a tw<>conponem slurry of 30% by weigmSA^ MFC. 
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2) Preparing a supporting sheet 

[0264] A two-tayered througtvair thermal tXHtd non-woven fak>ric was prepared. wHh a first layer composed off carded 
web of RE/PET biconrvonent fibers of 1 .5 denier and 51 mm length and a second layer composed of PE/PET bicom- 
poent f bers of 3 denier and 51 mm length lad on each other and bonded in hot air. The weight of this non-woven fabric 
was 30 gAn?, and the apparent specffic density was 0.03 g^cm?. 

3) Preparing a c ompo si te absort>ent 

[0265] The SLf)porting sheet was placed on a plastic net wHh the second layer fadng upward, and the above- 
desaft>ed two-oonponent sluny was applied tyy a roU coater onto the whole surface of the supporting sheet, as it was 
continuously conveyed, in an amount to make the deposited amount of the SAP 200 g/^. Immediately tiiereafter, suck- 
ing and removal of the liquid component were carried out Then, a 0.5 % wood pulp (fisperskui liquid was poured onto 
the slurry layer as a thin layer stream from a flow coater In an anmjm to niake ^ 

Immediately thereafter, sucking and remcml of the Gquki component were run so that no SAP swelled, the supporting 
sheet was then hot pressed for several minutes k>y means of a heated roller wtx>se surface temperature was 150 
Further, the supporting sheet was again dried in hot air at 1 40^C to make a composite absoibent. 

< Evaluating the composite absorbent) 

[0266] The oonposite absort>ent showed an outstancfing sustainability of the swollen SAP: No swollen SAP came off 

or peeled off from the substrata Also^ since the surface of the sifiporting sheet vvas coated wittitYdrophQic wood pulp, 

the absort>ency of a liquid was excellent and the cfiffusion of an absorbed Ik^ 

practical problems. It was confirnried that, when this composite absorbed was used as the 

no additional non^MOven fabric layer for acquisition was required because, as the first layer and the topsheet were used 

as bonded together, the first layer Hmctioned as the acquisition layer. 

(BfflmpleS) 

[0267] The suriiace of a wet process non-woven fabric of 40 gAn^ weight (made by Futamura Chemical Industries Co. . 
Ud. under ttie trademaric TCP 404*) was raised by a brush to make tiie ^)parent specif k; density 0.04 gfarP. 
[0268] On the raised surface of tiiis SMpporting sheet, the SAP particles (made t^y Mitsubishi Chemk:al Co.. Lti. under 
the trademari( IJS^O was scattered using a sieve as it was vil}rated in an amoum to nriake the s^ 
120 g/m^. 

[026q Separately.anfuxluredispersk>nlxiuxi where the S-MFC and easy-totf 

1 .5 denier and 2 mm lengtii) were dispersed in water in a way that the concentration of each of the MFC and tiie PVA 
fber was 0.5 % was prepared. The raised surface of the supporting sheet was coated with the 
by a flew coater in an amoum to rnake the percentage each of the S-MFC and the PVA fiber to 
and immediately ttiereafter. sucking and lk)uid removing of the Bqud corrponent were hfi. Then, ttie supporting sheet 
was hot pressed t>y a roller heated at 200 and dried in hot air at 100«C to make a con^ 
[0270] Only a litUe SAP came off or peeled off from ihe obtained composite absort>ent and thus had a level of sus- 
tainability of the swollen SAP not giving rise to any practical problems. The absort)ing and diffusbn of a liquid were 
extremely good. This was probably because both ttie supporting sheet and ttie 
hydrophilic. 

(Example 9) 

1) Preparing a ttveecomponent cfisperskvi Bqud 

[0271 ] 1 .4 denier and 3 nrvn lengtti Lyocell (trademaric made by CkxitauMs) was added to and dispersed in a disper- 
sion medium of ethanolMater =60/40 to prepare a 0.5 % dispersk>n liquid. This dispersion liquki was stirred by a mixer 
to f brillate Lyocell. Then, ttie MFC was added to and dispersed in the dispersion Ikjukl in an amount to make the con- 
centration of ttie MFC inttiedispersk)nliquxj 0.5%,andthe(fispersk>nlk)uki was treated for 5 nfiinutesksy a mixer to 
prepare a twE>KX)mponentdispersk)nfiqukl * 

[0272] SAPfl£to(madebyHoechst-Celaneseunderttietrademartc*IM^^ 

ponent dispersk>n liquki while ttie disperskm Ik^uki was slcwly stirred in an amount to make the concentinalXMi of the 
SAP 25%, to make attireennmponent disperskm Ikiukt of ttie SAP, ttie MFC and Lyocell. 
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2) Preparing a sif)porting sheet 

[0273] A mixed carded web was prepared conposed of 5(^ 

% PE/PET bioomponent ffbef (of 3 denier x 41 nvn length) with the weight of 1 5 gAn^. and the carded web laid on PP 
spun-bond non-woven fabric of 15 gfnf weight was entangled ty water jet to nwke a plural layered non-woven fabric, 
which was made a supporting sheet 

3) Making a composite absorbent 

[0274] As shown in Fig. 81. the three-component slurry 822 was discharged from a plurality of discharging tubes 
directly connected to a slurry pump onto the rayon staple f beryt)iconponent f ber surface of a supporting sheet 821 in 
the pattern as shown in Fig. 81. After removal of the Gquid conponent under reduced pressure, the supporting sheet 
was fixed by a heat press and dried to make a composite absortient 
[0275] Theobtainedconipo6ite^)60ft>emwasap|3roxinf)ately130g/h^ 

tions (SAP) formed in lines on the obtained composite ab6ort>ent was approximately 200 to 250 gArf . 

4) Applying to the absorbent for use in t>aby diaper 

[0276] As shown in Fig. 82(a). a dry laki carded web non-wc^en fabric 831 as the topsheet in contact with the skin of 

a wearer, as mainly composed of 1 8 ghr? PE/PET bioomponent fiber of 1 .5 denier x 41 mm length was prepared. Onto 

this non-woven fabric 831 . polyurethane fiament yarns 832 (made by Toray Ca. Ltd. under the trademark Tyaa^ was 

bonded t>y hot melt method in rows at such intervals as shown in Rg. 82(a) to form a topsheet The topsheet provkJed 

with an efastk; member and a a>nrposto Rg. 82(b) obtained in this Example 9 of the present 

inventkm were bonded by thermal fuskm at the portions where no absort)^ 

topsheet and the composite absort>ent having a structure shown in Rg. 82(c) was obtained. 

[0277] The bonded member was covered at the skie of the composite absorbent by a leakage resistant member 834 

made by bonding PE film and norvwoven fabric as shewn in Rg. 82(d) to obtain an absoft>ent for use in a baby diaper. 

of 200 mm wkfth and 400 mm length. This absort)ent was dipped in a physk>logical saline solutk>n and then taken out 

and pfaced on a net so that a free lk)uk] is renicved from the absort>ent The tota^ 

measured, was 600 cc. The initial penetration speed was 20 seconds with 1 00 cc and the rewet ¥vas 0.5 gram. Thus, 
the conriposfte at)sort)ent off the present inventk)n was proved to have excellert 

5) Applying for use in incontinent pad for women 

[0278] As shown in Rg. 83. a slurry of the above-described compositkxi 842 was applied onto a circular supporting 
sheet 841 as shown in Rg. 83(a) in a doughnut shape of 1 20 mm a circular sig)porting sheet 841 as shown in Fig. 83(a) 
in a doughnut shape of 1 20 mm cfiameter with a center hole of 50 mm diameter, and. after drying, the surface was cov- 
ered with a fiydrophobic spun4x)nd 843 to make a composite abs^^ 

ing fan-like shape as shown in Fig. 83(c). and the tip of the conposite absoit>ent was covered with an apertured PE 
noTHwoven fabric 844 to make an incontinent pad of a stmcture as shown in Rg. 83(d). Kk> ab6ort>ent existed at the por- 
tk)n where the apertured PE non-woven fabric 844 was provkJed and the portk)^ 

insertion in a vagina for securing the pad to the kxxfy of a wearer. The amount of I'qukJ retained k>y this incontinent pad 
was 50 cc. and the incontinent pad \Aas used as a sample in a wearing test by a patient having a light incontinence with 
the result that the patient's underwear was not stained and that it can be used stably. 

(Example 10) 

(Preparing a slurry) 

[0279] A water disperston stock solutk)n of 3 % by weight S-MFC was added to make a disperskxi medium conposed 
of 60 parts ethanol and 40 parts water, to prepare a disperskxi liquid of 0.6 % by weight S-MFC. Into this dispersion 
Ik^ukJ. the SAP equivalent to 30 % weight (made by Mitsubishi Chemical Ca. Ltd. Under the trademaric "U&^O" wHh 
the average particle dianrieter off 200 microns) was added while 
slurry. 

(Fbrrrting with the slurry pattern on a sigiporting sheet) 

[0280] Using a slurry coating apparatus as shown in Rg. 76 ( a slurry discharging part thereof being shown, as 
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enlarged, in Rg. 66). the slurry was applied onto the top surface of 40 ghrf TCP (cellulosic non-woven fabric) used as 
a siJ|)porting sheet to form a pattenn of sluny tiy means of tut>e pumps arranged in many rows in an amount to make 
the aveiage deposited anwunt of the SAP 1 25 gfrrf. By the pulsation generated by the stroke of the tube pump^ a sheet 
having the ellipsoidal pattern whwh has intenfnittently thicker slurry in the center regions was formed. 

5 

< Bonding the slurry formed in a pattern to the supporting sheet) 

[0281] A 8i4)porting sheet on whk^h the slurry was fonnrted in a pattern w^ 

of 160**Canda8uctk)nroll,asshownvYRg. 76, and at the same time an excess of the dispersion medium was sucked 
10 and remo¥ed. Thereafter, ttie sheet was made to contact with a hot roO for approximately 5 seconds to remove th e liquid 
component from the sheet and the applied slurry was bonded to the supporting sheet securely Afterwards, the support- 
ing sheet was peeled off from the hot roO and air dried to rnake an absoit>em sheet. At th^ 
of the slurry on the hot roll because partially peeled off from the siworting sheet For comparisoa ttte sheet was 
passed at room terrperature. with the hot roll not heated, in which case a majority of the slurry formed in a pattern on 
IS ttie supporting sheet was peeled off and deposited on the surface of the roll. 
SAP to the supporting she^ by hot roll were be confirmed. 

[0282] After hot pressing, ttie dried sheet showed a distribution of patterns as shown in Fig. 55. The bonding to the 
supporting sheet was as shown in a fragmentary sectional view of Fig. 56, and ttie 
ttiinregk)n8win neariy thee layers at ttie thkicregkm and in neariy two layers at ttie niedium region 
20 ttwdgiessp or in ttie nunfter of layers, gave a desired distribution of ttie CO 
tinuous. 

{ Properties of patterrhfbrmed sheets) 

2S [0283] A sample piece taken from each of the regfons having ttie ttiick SAP pattern, ttie ttiin SAP pattern and ttie 
medium SAP pattern was observed in cross-section by a magnifying glass, to confinn the number of the SAP layers 
whereby ttie amount of absorbed liquid and ttie absorbing speed were evaluated as ttie EqukJ absortxng properties of 
ttie SAP 

30 (^Amount of absorbed liquid: Using a 0.9 % IMaCI aqueous solution (physiological saline solution), a mettiod cor- 
resporiding to a rriettxxl of testing an anriount of absort)ed water of JIS K-7223 was applied. 
0Absorbing speed: A plurality of sample pieces of approximately 5 mm x 10 mm were dipped in a large amount 
of a 0.9 % NaO ^ueous solution and ttie time until the SAP in a sample became nearly completely swollen in sec- 
onds was measured. 

35 

[0284] For the amount of liquid at>soft>ed, sample pieces of 10 cm x 10 cm were taken from the supporting sheet 
including from ttiickly to ttiinly coated portions and as ttie average value of ttie whole sheet the total amount of Bquid 
absort>ed was 6.0 kg/m^. As ttie process of absortxng a liquid was obsen^ed. it was confirmed ttiat ttie ttiinly coated 
region, first, absorbed . and ttie absorbing progressed gradually to ttie medium coated and ttien to the thickly coated 
40 region. The differences in Gquid absorbing speed among ttie regfons are shown in Table 12: 



Table 12 





Region Of sample 


Thinly coated regk)n 


Medium coated region 


Thk^My coated re^on 


45 




(one layer of SAP) 


(two layer of SAP) 


(three layer of SAP) 




Ab6ort)ing speed (sec) 


10-15 


30-60 


90-180 



[0285] From ttie abov&^tabulated results, it ms confirmed ttiat ttie obtained absorbent sheet was flexible and had a 
so characteristic property of provkfing a distribution of highly absorbing regions different in absorbing speeds. 



(Example 11) 

< Preparing a sluny from ttie SAP having different particle diameters) 

55 

[0286] The SAP whose average particle cfiameters were 200 miaons and 800 mterons were prepared. As the 200 
mk^ron sample Mitsubishi ChemkaTs US-40 as used in Exairple 1 0 was used as ttie blank, while as ttie 800 nrucron 
sample a pelletized SAP witti higher suriace cross-finking was used. 
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[0287] The foltowing table shows the measurements of the time of absoitlng 20 cc of physiological saline solution by 
1 g of the SAP: As tor the time of absoft>ing a Oquid by the SAP (Refer to Exan^^e 1 0 above), as the partide diameter 
became larger, liqukl took more tinie to penetrate into inskJe and tt^ 



Table 13 



Average partide diameter 
off SAP (micron) 


200 


800 


Speed of absort^ing Bquid 


10-15 


60-150 



[0288] Two kinds of slurry of 30 % by weight SAP having the above-descnbed properties were prepared in the same 
way as in ExarrfHe 10 above. 

(Coating of a siJ7)porting sheet with the slurry) 

[0289] Two headers were provkJed on a slurry coating apparatus as shown in Rg. 66 in order to feed two kinds of 
slurry containing the SAP whose partide diameters were different and the apparatus was modified to feed different 
kinds of slurry alternately to the respective pumps. 

[0290] Using this apparatus, two kinds of durry were deposited In a pattern on the TCP skle 
an amount to make the average deposited anrxHjnt of SAP 125 gMi^. respectively, in a procedure similar to the one 
applied in Example 1 0 abova Thus, absorbent sheets with the slurry deposited in a pattern were obtained. In the dte- 
trSxjtion of the pattern in this case, as mentkxied in the above, the rows of the pattern were coated with the SAP of cfif- 
ferent partide diameters alternately. Although the SAP of the same concentration was applied, because of the 
difference in partKle (tarneter, the pattern where larger particle diarneter SAP 

[0291 ] The obtained sheet on whk:h the SAP of different partide diameters was applied was cut into a size of 1 0 cm 
X 10 cm, and placed in a Petri dish. 60 cc of phystological saline solution was added at three times of 200 cc each at 5 
minute interval, and the state of absorption was observed. The observation results are shown in Table 14. 
[0292] It was confirmed that finer partide SAP first swelled and the absorption progressed to coarser partide diame- 
ters. 



Table 14 



Uqud supplied 


Patterns in absoft>ent layer composed of SAP 
of small partide diameter 


Patterns in at>sort)ent layer composed of SAP of 
large partide diameter 


First 200 cc 


Swelling rapkJIy started 


Surface a littte seemed to be ab6ort)ihg. but 
nearly dry condition continued 


Second 200 cc 


Swelling reach saturation 


Overall swelling started, but there remained 
ample room left for absorbing 


Third 200 cc 


Excess of water traveOing in supporting sheet 
and transfened to patterns of larger partide 
diameter SAP 


saturation 



(Example 12) 



< Preparing a first dispersk)n IquU ) 

[0293] To wood pulp (made by W^erhaeuser. NBKP, needle leaf wood bleached kraft pulp) and ttie 
SAP (made by Hoechst-Celanese under the trademark "IhWSOO"), a small amount of ttiickener (PE.O.) for paper-mak- 
ing was added to prepare a dispersk>n Ik^ukJ of EtOH^vater=50/50 containing pulp/SAP=4 parls/6 parts. The concen- 
tration of ttuis prepared slurry was approodmately 2 %. 

< Fbrrning an ab6ort>em sheet from the first <fispersk)n B(^} 

[0294] The above-described slurry disperskxi Gquid was poured onto a PE/PET non^woven fabrfc (made by Unitika 
Co.. Lid. under ttie trade name'Bve8'7ol20gArrf treated to be hydrophilk: disposed on a plastic nrash of 60 
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prepare a wet formed absorbem rrat By pressirig and drying thfe 
absofbent layers composed of pu\p/SAP=4iS was obtained. 

< Preparing a second dispersion liquid) 

[0295] A slurry was prepared by including 30 % SAP and 0.6 % MFC in a dispersion liqukJ of EtOI4AMater«6/4 pre- 
pared in a procedure identical with the one applied in Example 10 above. 

< Formbig an absorbent sheet from the second dispersion liquid} 

[0296] Onto an absort)ent sheet made from the above-described first dispersion liquid having uniform layers of 
pu^p/SAP, slurry was fed in a sea island-lilce pattern at 5 mm inten^ls, using an experimental use tube punp (marketed 
under the trademark "MASTER FLEX*^ with the secorxi dispersion liquid contained in a silicone tObber tut>e of 3 mm 
inskJe diameter. Then, the ak)6ort>ent sheet was hot pressed, using a Tefh>rHX>ated domestic use iron heated at 130^ 
and then dried. The layers formed from the second dispersfon liquid had the SAP of approximately 120 gAn^ on aver- 
age, althou£^ ttticker at some places and thinner at others. 

(Absorbent sheet having highly absortxng regions in a sea island pattern and its properties) 

[0297] Thus obtained absorbent sheet had a cfistrfoutfon of nearly uniform absorbent layers (containing the SAP of 
approximately 60 gAn^ derived from the first dispersion 1^^ 

120 gtnr^ derived from the second (Sspersfon liquki which latter absorbent layers were distrbuted in a pattern given 
tails partly to the pattern shown in Fig. 16. Thus, an ab6ort)ent sheet having a thick and thin two layered structure was 
ot>tained. 

[0298] Theabsort>em8heetwascutin 10cmx10cmtomakeasanple.ThesarTf)lewasp^ 

0.9 % physiofogicat saline solutfon was poured to run muHi times of absorbing test The absorbing test was run four 

times at 5 minute intervals with 1 5 oc each. The test resists are shown in Table 15. 



Table 15 



Amount of water added 


State of absorptfon 


Results of observation 


First 150 cc added 


Only thin layers absortied 


Dispersed ail over first layer, second layer 
remained dry 


Second 150 cc added 


Absorption partly moved from first layer to 
second layer 


Whole first layer t>ecame wet, but second 
layer only partly w^ted 


Third 150 cc added 


Whole second layers started to swefl 


Boundary between first and second layers 
still distinct 


Fourth 150 cc added 


Whoel first and second layers swollen 


Second layer much swollen to tiave ridges 



(Example 13) 

< Preparing a SAP slurry) 

[0299] A slurry composed of the SAP and the MFC was prepared in a procedure identical with the one applied in 
Example 10 above. 

< Preparing a liquid pervious supporting sheet) 

[0300] An air laid pulp sheet containing the SAP (made by Honshu Wnoctoth under the frademark "B-SAP") whose 
weigm was 85 g/lrn^ was prepared. In this putp sheet the SAP of 20 g/hf^ 

< Discharging the slurry to form a pattern ) 

[0301 ] The abovMlescn*bed shiny from a slurry pump was discharged in a pattern arranged in many rows of bands 
having indefinite circumference each onto the abovoKiescribed si^orting sheet, as moving, from a nozzle having a 
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cleavage^ike discharging outlet as shown in Rg. 68. Then, the supporting sheet was pressed under pressure by a hot 
roll whose surface temperature was 140''C and air dried to make an at>soit)ent sheet In the distribution of the patterns 
on this absorbert sheet. abGorbem layers were distnliuted in a pa^ similartotheoneintheskelchof Fig. 17. 

(Example 14) 

[0302] The HFFM (made bf Daicel Ca, Ltd. under the trademarit 'Celfish KY100Q1 in gel state was dispersed in a 
cfispersed medium of MeOHAwater»70/30 to make a cfispefskm liquid of 0.6 % concentratk)n. In 1 liter of this dispeiskxi 
liqukl. 400 g of the SAP (made by Milsubisht Chemical Ca, Ltd. under the trademart( US401 was added and stirred to 
prepare a dispersion slurry of the HFFM and the SAP. 

[0303] This co<iisper6ion slurry was applied on either surface of a cellutose non-woven fabric of 30 gAn^ (made by 
Futamura Chemical Ca. Ltd. under the trademarit "TCF#403"). and the non-woven fabric was subjected to removal of 
the liquid component and dried to obtain an ab80it>ent sheet. The thkAness of the absorbent sheet was approodmately 
0.6 mm and the content of the SAP was 150 gfnf. 

[0304] The absoibem sheet was art in 350 cm X 250 cnt As shown in Rg. 84, the sheet was folded 

tk>n 75 mm each from Ixrth sides with ttie suriace coated with the SAP facing inside to make an absort)ent. Then, as 

shown in Rg. 85. the sheet was bonded to a liquid impennous sheet 902 at the foUed sides via adhesive 901 to make 

an absorbem tii)e 900. The Ihxdoiess off thus obtained absorbem tube 900 was 1 .3 

sheet 902. 

[0305] Swelling test was njn by pouring physiok)gk:al saline sdutkm of 200 cc each time twk:e, 400 cc in total, onto 
the absorbem side of the absort>em tuba The resuH was that 2 nrvnutes after the firs^ 

skle swelled in a tube having an eOjpsoidal cfDSs-sectk)n of approximately 6 mm thickness, and 2 nrvnutes after the sec- 
ond 200 cc was poured, the thkAness ncreased to approodmately 1 2 mm. 

(Example 15) 

[0306] A nonnwven fabric (made by pji Paper Co., Ltd. under the trademaric Teccel") obtained by entangling PP/PE 
bicomponent spun-bond norvwoven fabric and pulp together in high pressure jet istream was prepared. 
[0307] On the other hand, commercially available bio-cellulose gel was dispersed in a dispersion medium of 
EtOHAwater=60/40 to prepare a d spersion liqukl of 0.3 % ooncentratk>n. In 1 Gter of this dispersion liquid. 400 g of the 
SAP (made by Mitsubishi Chemical Co. , Ltd. under the trade-maric US 40^ was added and stirred to prepare a cadis- 
persk>n slurry of the HFFM and the SAP 

[0308] Either suriace of the abov&<lescribed non-woven fabric was line-coated with this oo-disperskm slurry in a plu- 
rality off bands of 7 rnm wkfth at 5 nm imervals. and the non-woven fabrk; was ^ 
ponent and dried to obtain an ab6ort)ent sheet 

[0309] The absort>ert sheet was cut in 350 nrwnx 250 mm, and then, the cut sheet was foWedwf^ 

suriace fadng inskle in a flat cylindrical shape as shown in Rg. 86. and the foMed portions of both skJes were bonded 

together via adhesive 903 to nrtake an abGort>ent tube 900. The thkimess of thus obtained absor^^ 

imately 2 mm. 

[0310] Swelling test was njn by pouring physk)k)gk:al saline solution of 200 cc each twice. 400 cc in total, onto the 
absort)ent tuba The result was that 2 minutes after the first 200 cc was poured, the absorbent tube swelled in a tube 
shape having a eliipsoidal cross-section of approximately 1 0 mm. and 2 minutes after the second 200 cc was poured, 
the1hk;kness increased to approximately 20 mra 

(Example 16) 

[031 1 ] A PP spun-bond of 1 8 g/hfi^ and a mixed carded fiber web of 30 ghr^ composed of 60 % PET staple ffber (3 
denier x 51 mm length) and 40 % rayon staple ftoer (1 .5 denier x 35 mm length) were prepared. Such mixed carded 
web IM on such spun-bond nornwven fabric was entangled in high pressure water jet stream to prepare a conposite 
non-woven fabric of a structure as shown in Fig. 37. 

[0312] The composite non-woven fabric ms coated with a co-dispersk>n slurry of ttie HFFM and ttie SAP used in 
Example 14 above, and subjected to removal cf the fiquki components and dried to obtain an absort>ent sheet of 
approximately 2 mm ttiickness composed off ttvee l^ers of ttie spun-bond non-woven fabric, the carded web. and ttie 
SAP layer fixed by ttie HFFM. only on eittter surface of whk^h absorbem sheet ttie SAP particte 
sityoff 150g/!cm?. 

[0313] This absort>em sheet was cut in bands of 350 nfimwkftti. and ttie cut sheet was fon^ 

gitudffial skies made to face each ottier at approximately 30 mm interval. 

[0314] Separately, from a disposable (fiaper(rnanufactured by K{K> Corporation^ 
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(L size)"), the inner sheet and the absort)ent core were taken out and, instead in the region where such sheet and core 
existed as shown in Fig. 38. the above-described absorbent tube in contact with the exposed outer sheet of the diaper 
was linked to the Gquid inrpervious sheet at both side ends via adhesive. 

[0315] On thus obtained diaper, absort>ing tests were conducted in a procedure generally practiced in this fiekl. As 
the result of the tests, the foltowing results were obtained: 

0 Amount of rewet (3 minute interval) 

First rewet (100 cc) : 0.5 g 
Second rewet (100 cc): 0.8 g 
Third rewet (100 cc) : 2.0 g 

®Total absorbed amount (physiological saline solution): 680 cc 

Retained amount :480oc 

(Example 17) 

[0316] A PE/PET bicomponent non-woven fabric of 20 gAn^ weight (nrtade by Unitika Ca. Ltd. under the trademarit 
"Elves") was stretched and heat set as shewn in Fig. 57 to prepare a easy-to-etongate non-woven fabric. TWs non- 
woven fek)ric had the folk3wing properties: 



Weight 


31.2 g/hi^ 


Thickness 


0.24 mm 


Density 


0.132 gA^mf^ 


Breaking ek)ngatk>n 


35%(MD)/370%(CD) 


100 % etongatkvi modulus in CR 


83g/5cm. 



[031 7] The abovedescrS>ed easy-to-etongate non-woven fabric was coated with a ccxlispersion slurry of the HFFM 
and the SAP in a procedure kJentical with the one applied in Example 14 above, and heated and pressed and subjected 
to renwval of the liquid component and dried to obtain an absorbent sheet with the SAP particles carried in a density of 
1 80 gMi^ only on either surface The absorbert sheet was foWed in tube with the su^ 

Both side ends of the she^ were made to face and bonded at the meeting portion of both side ends with a thermal 
adhesive tape disposed on the outside to prepare an absorbent tube of approximately 30 mm outer diameter having 
nearly circular aoss-sectioa 

[031 8] Thus obtained at)sort>ent tube was placed in a plastk; vat, and ion exchanged water was poured on the absorb- 
ent tube until the tube did not absorb water any more, and allowed to stand for 1 0 minutes. As a result, the diameter of 
the abGorbem tite increased to 66 mm, but no SAP was observed to leak from the 

(Example 18) 

[031 9] An elastic net of 60 g/rii^ weight commercially available on the mari«t was prepared as an absorbent sheet, 
where polyethylene ntonofilaments as kxigitudinal filament n^embers and SEBS monofilaments as lateral filament 
members were aossed at right angle with each other and bonded at the points of intersection. 
[032(q Separately, a carded parallel web of 25 g/im^ composed of the foDowing fibers A and B was prepared: 

A: bicomponent fber of 2 denier X 51 nun lengtii, composed of a random polymer of poly-propylene as the core and 

ethytene^opylene as the sheath. 

B: Lyocell made by CoutauMs of 1 .5 denier x 35 mm length. 

[0321] A carded parallel web A was laminated on one surtace of the above^Jesatoed elastic net and another carded 
paraOel web B was lanvnated on the other surface of the net. and the net with tt^ 
by water jet stream one tinie each on the top and the bottom skto of the lanrv 
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kg/bm^ from a nozzle having orfftces of 0. 1 3 mm diameter provided at 0.6 mm Interval. Further, water stream was jetted 
from the top mder the pressure of 80 kQfar? from a nozzle having orifices of 0. 1 3 mm diam^er provided in one row at 
5 mm interval. Then, the laminated members were dehydrated and dried to make an easy-to-stretch norvwoven fabric 
with bonded portions in parallel lines formed iongitucfinally. of a sfructure as shown in Figs. 59 and 60. 
[0322] The properties of the norhwoven fabric were as foltows: 



Weight 


110.00 gATi2 


Thickness 


1.22 mm 


Tensile strength in CD 


1.50 kg/5 cm 


Elongation in CR 


270.00% 


Elongation modulus in CD 


50% 


150 g^ cm 


100% 


200g/5cm 


150% 


320g/5cm 



(Motes) The above-descrQ>ed properties were measured under the fdtowing conditions: 

Tensile strength: A sample piece of 5 cm widtti and 1 5 cm length (the aoss direction of the norvwoven fabric being 
the longitudinal direclk}n of the sanrple) was heU at the hoUing distal 
cm per minute by nneans of a oonstam rate stretehing type tensile tester. T^^ 
the tensile strengtti. 

Etongation nfKxlulus: A sample piece of 5 cm width and 15 cm length (the cfirection of the non^ 
the longitudinal direction of the sample) was heki at the hoUing distance of 1 0 cm. an^ 

of 30 cm per minute by means of a constant rate stretching type tensile tester. From the stress-strain cun^e 
obtained at that time, the stress each at 50%^ 100% and 150% etongation was read out The readings were taken 
as the ekxigation modulus. 

Thickness: The ttiid^ess was measured by a ttiickness gauge (made by Daiei Kagaku Seiki Co., Lid. under the 
trademari( THICKNESS GAUGED under a load of 3 g per 1 cm^. 

[0323] The Lyocell skle of the abGve-desaa>ed e^y-to-sfretch non-woven fabric was coated with a ccxjisperskxi 

slunry of the HFFM and ttie SAP in a procedure identical witt) the one applied In Example 14 abova The non-woven 

fabric was sut)jected to removal of the Bquid component and dried to obtain an absorbent sheet with the SAP particles 

carried in a density of 125 g/hri? only on one surface Furttier, a crushed wood pulp layer of 15^ 

side of the absorbem sheel that carried the SAP partides. wrtti such sxJe fadng i^ 

in a tube with the side ends fadng each other at 30 mm interval and bonded to a separately ^ 

sheet by means of hot melt type adhesive to obtain a absort>ent tube bonded in an integrated vway to the outer sheet. 

The thickness of this absorbent tube was approxirnately 4 nm 

[0324] The ttius obtained ab6ort)em tube ms placed in a plastic vat and from the top of the absorbents 
exchanged water was poured until the absorbent tube cGd not Absorb water a^ 

utes. Asaresult. the thickness of the ab6ort>em tube inaeased to 30 mnt but no SAP was observed to leak to the out- 
side of the non-wven fatnic. 

(Example 19) 

< Preparing a liquid impennous sheet having dents on the surface > 

[0325] Polyethylene film of 30 nucrons having taper-like openings, as shown in Rg. 39. all over tiie surface (made by 
Tredgar under the frademark "VISPORE X-61701 was prepared. 

< Preparing a slurry of ab6ort>ent materials} 

[0326] Separately. MFC gel (made by Dacel Co.. Ud. under the trademark "Celish KY-1 OOGT) was dispersed in a ds- 
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persion medium of ethano!A¥ater=70/30 to prepare 1 liter of dispersion liquid of 0.5 % MFC. To this dispersion liquid. 
200 g of the SAP partides (made by MitsiA>ishi Chemical Ca. Ud. under the trademark US40') was added to prepare 
a oo-dispersion slurry of the SAP and the MFC. 

< Preparing an absort)enl sheet) 

[0327] The above<iescra^ polyethylene film having openings was. with the surface having larger openings feeing 
upward, was coated with the ccHfepersion slurry of the SAP and the MFC as the polyethylene flm was fM and con- 
veyed on a beH oonv^ of plastic belt off 80 mesh provided with a suction 

[0328] In the suction zone the oxfispersion sluny of the SAP and the MFC on the polyethylene f Om having openings 
was 8ut)jected to removal of the liquid component through the openings to fill inside the openings with the solid sub- 
stance in the sluny. Then, the solid substance was dried by blowing hot air of 80»C onto the solid substance. 
[0329] The openings of the absorbent sheet had. as observed by a microscope, a structure as shown in Rg. 40. 

< Evaluating the permeatMlity ) 

[0330] PenneabiDty tests were conducted on the absorbert sheet by a Garr^ type test rneth^ 
TTm resutt was that the air perrneability of the absorbent sheet was 100 sec/100 cc. 

< Measuring the water resistance ) 

[0331] 10 sheets of commercially available tissue were placed under the ab6ort>ent sheet, and a water column of 
physiological saline solution made by utilizing a glass tube of 20 mm (fiameter was built covering the openings f Oled with 
highly absorbent material to measure the water resistance pressura At the portion which was filled with the highly 
absorbed rnaterial. the SAP was Gbsenfed to mourn due to its swelBng. and although the wa^ 
to 800 mm H^O. the liquid did not leakout to wetthetissua 

(Example 20) 

( Preparing a substrate for 6quid inpervious sheet material > 

[0332] Hot melt type adhesive was sprayed on the surface of a matte-f infehed polyethylene sheet of 25 microns com- 
posed of LLDPE, and a spun-lace non-woven fabric having a high elasticity in the cross cfirectton corrposed of PP sta- 
ple fiber (1.5 denier x 35 mm length) was laid on the sprayed surface of the polyeth^ 

as heated to be bonded to prepare a cornposite of the non-woven febric and the f^ 
42A. 

[0333] This composite was treated In a process shown in Fig. 42. First, the composite was m^ 
(crest pitch 1 0 mm. width of top 0.5 ntn, and depth 2 mm) of stainless steel wfx>se surface temperature was 100**C to 
make linear grooves formed on the film (step B of Fig. 42). ad then tateraOy extended 1 .5 times to obtain a conposite 
of the non-woven fber and the film with the film portion and the non-woven eK^^ 

< Preparing a slurry of ak}sort>ent material ) 

[0334] Ethanol and water were added to a water dispersion liquid of 5 % BC gel (made t>y Ajinomoto Corporation 
under the trademari( "Bk)cellutose") to prepare one liter of 0.4 % dispersk>n liquid of ethanol/Water«60/40. To this dis- 
persion liqukf ttie SAP partides (made by Mitsubishi Chenwcal Co.. Ltd. under the trademarit "US 40') of 0.3 mm aver- 
age partide diameter were added to prepare a c&<fispersion sluny of ttie SAP and ttie BC. 

< Preparing an at)soft>ent sheet> 

[0335] The non-woven fabric and film composite was coated wrttittie above-describee^ 

weight and approximately 1 0 mm width in a way ttiat ttie non-woven fabric portion was covered (step D of Fiq. 42). 

< Preparing an absort>ent composite having dents) 

[0336] The above-descrt>ed at>sort>ent sheet was formed in a corrugated shape by means of a grooved guide, ond 
was laid on a PE/PET spun-bond of 20 gfrr^ (made by Unitika Ca. Ltd. under ttie trademaric "Elves") treated to be 
hydropMic to make an absorbent witti a topsheet (step E of Fig. 42). 
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< Evaluating the air permeatxlrty ) 

[0337] Air permeability tests (of a Garret type provided for in JIS P811 7) were conducted on the akx>ve^escrS>ed 
ak)sort>em sheet with the result that the air permeakMlity 

< Wearing tests of at)60rt>ent products) 

[0338] 1 0 pieces of baby cfiaper were made by attaching a gather and a fastening tape to the above-desaa>ed absorb- 
ent sheet having dents, and wearing tests were conducted. With two pieces of baby diaper leakage occurred from the 
side portion, but no leakage occurred at all for the back side with any of the diapers 

(Example 21) 

< Preparing a water resistant material having dents and projections) 
[0339] AnMS(melt4)k]wnandspun4)ondcornpo6ite)norHwovenfab^ 

(5 g/hi2) and PP spun4)ond (1 3 g/hn?) was prepared. On the other hand, an apertured film made by providing openings 
of 2 mm diameter on PE film of 30 miaon thickness mainly composed of LLDPE was prepared. A small amount of hot 
melt type adhesive was sprayed onto the apertured film, and a MS non^voven fabric was attached onto the sprayed 
side to obtain a composite sheet as shown in Rg. 43. 

[0340] On this composite sheet a water column test was conducted in a procedure identical with the one applied In 
Example 19 above with the result that the value was apprcDdmately 200 mm H^. 

< Preparing an absort)ent slurry) 

[0341 ] An absorbent slunry was prepared under the same oonditfons as in Example 1 9 above. The abov&described 
composite of the MS norv-woven fabric and the apertured film was. in a procedi^ e identical with the one applied in 
Exanrple 19 above, supplied with the apertured film skfe facing upward on a conveyor belt provided with a suction zone 
and the absortjent slurry was fed onto the composite. The composite was sul^ected to removal of the liquid conpon^ 
in the suction zone and the SAP partx^les as absort>ent material were bonded to and f tiled in the exposed suriace of the 
MS non-woven fabric by means of the MFC to obtain a absorbent sheet as shown in Rg. 44. 

< Air permeability of the absort>ent sheet) 

[0342] Air permeabOity test (based on the Garret test provided for in JIS P8117) was conducted on the obtained 
absort>ent sheet with the result that the aor permeabaity was 160 sec^l 00 cc. 

< Evaluating the water resistance of the absorbent sheet) 

[0343] 10 sheets of tissue paper commercially available on the nwket were placed under the abov&descrfoed 
absorbed sheet a cdumn of physiofogical saline solutfon was built by using a glass tube 

the openings which were filled with the SAP partides to measure the water resistanca The SAP in contact with physi- 
ok)gk»l saline solution welled to nrmnt raising the water colunrm up torn leaked nor the tissue 

wetted. 

(Example 22) 

<Vlarying viscosity and temperature of a dispersion slurry in a process of making a composite) 

[034*1 Fig- 86 shows an example of a process of rnaking a conrposite with the PG taken as an exa^ 

varying viscosity and temperature of a slurry in each step of the process. In this example a cfispersion slurry was used 

where 30 % SAP partfoles (made by Mitsubishi Chemical Co.. Ltd. under the trademarit US 40") and 0.5 % MFC (made 

by Tokushu Paper Mfg. Co., Ltd. under the trademaric "SMFC") were dispersed in a dispersfon merfum of 

PGAwater=70y30. 

[0345] In preparing the dispersfon slurry stirring was required for mixing and dispersing the SAP and the MFC. and 
in order to save energy fcK stirring the starring was conducted at 30 ""C and 400 rpm. The obtained dispersfon slurry was 
guided to a storage tank provfoed with a coofing jacket, where the sforry^ slowly 
at approximately 400 rpm. and from the storage tank was transferred to a coatfog header through a heating jacketed 
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P9)e by means of a Moino pump (made by Hypjin Pump Mfg. Co., Ltd.). 

[0346] The coating header had a dtwelling capacity of approximately 20 minutes and provided inside with a heating 
unit by a steam pfpa At this coating header, the tenrperature of the slunry was controlled at appraodmately 50 »C. The 
heated slunry was supplied to a coating roll provided with a gpid, and applied in 10 mm width at 1 mm interval onto a 
non-woven fabric. The non-woven fabric was Teocel of 50 gAn^ (made Oji Pap^ Ca. Ltd.). The amount of coating 
was approximately 150 g/m^. The non-woven fabric with the coated surface facing upward was guided to steaming 
zones provided with a steam generator where adding of water and heating were performed, and thea was made to 
pass a reduced pressure suction zone where the PQ and water were removed. Remaining PQ and water were further 
removed as the coated non-woven fabric was dried in hot air of 130*<) to nriake an 

< Embedments of the present invention in dispersing process) 

[0347] The SAP particles/MFC were dspersed in a water/PG dispersion medium to make a dispersion slurry. In a 
process of making a composite absorbent by forming the dispersk)n slurry, the SAP partides were bonded with each 
other and the SAP and the substrate were bonded the strong hydrogen bonds of the MFC covering the suilace of 
the SAP particles. Hydrogen bonds were only comjf^eted with the PG removed first and then moisture removed, ina 
mixed cfispersion mecOum system having higher content of the PQ. Alsa since the boiling point of an aqueous sdutkm 
of the PG becomes kjwer, as the content of water becomes higher, it is advantageous process-wise to have as much 
water as possible in the process lor removing the PG. 



Table 16 



PG^vater 


90/10 


80/20 


70/30 


60/40 


50/50 


Boiling point (<*C) 


135 


116 


110 


106 


104 



[0348] On the Other hand, however, as. in a dispersion medium of PG^vater. the content of water was raised in the 
ratk) of PG^vater, the disper8k>n slurry containing the SAP became less stable as i^ 
the foOowing Table: 



Table 17 



PG^vater 


Duration of stability of 
slurry containing SAP 
confirmed 


Changing condition 


80^ 


Longer than 24 hours 


Notcfianged 


70^ 


Around 4 hours 


Viscosity of system increased 


60/40 


Around 30 minutes 


Viscostty of system rapidly irtcreased 


50^ 


Around 5 minutes 


Whole solidified 



[0349] It is, therefore, important from the technk:al viewpoint how to replace the PG with water in the process. A f irst 
point of technical importanceishowasystemwherethecontentof water is high can be adopted, and a second point 
of technical Importance is how to replace the PG with water, after the sluny system is fonmed into a sheet Rg. 88 shows 
an embodiment of the present Invention shewing in which steps the preparation of the (Sspersion slurry sfKXikJ be con- 
ducted leading to the slunry supplying zone of the forming process, i.a the coating header. 
[0350] Both of processes A and Bare for preparing a cfispersfon slurry from a dispersion nr^ 
In process A, a water dispersfon liqiAl of the MFC is added to a SAP dispersk)n liquid of 100% PG eventually^ 
the ratio of 70/30. Suspending is a simple process, but stirring is important because in adding a water dispersfon Gquid 
if the water ratio 6 higher focally, the SAP swells and ttie dispersion system becomes non-unifonrn. 
[0351 ] In process B. after a PGAvater dspersion liquid of the MFC is prepared at the mixed ratio of 70/30, the SAP 
partides are dispersed. Thus, a dispersion slurry can be prepared with relative easa 
[0352] In process C, when a slurry of nriixed ratio of 70/30 obtained in the saniewa^ 

at a coating header, heating and uniformly addbig of water are earn ed out at the same time in a short period of time by 
adding steam (firectty, whereby the content of water is Increased in a short period of time, that is to say, only during the 
dwelling tinie at the header, and the viscosity is rnuch towered and the liquidity is increased by the hating and adding 
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of water for forming the coating. 

[0353] In processes D and Eenfibodying the preseminventicn. an amoum 

period of the dwelling time of the slurry by making the addition of the SAP particles immediately before the header. In 
process D, a case is conceived that the amount of water is made larger, i.e. the mixing ratio being 60/40. by adding the 
5 SAP particles immediately before the header. Process E attempts to prepare a dispersion slurry of higher water con- 
tent. i.a the mixing ratio being 55/45. by preparing higher water content cfispersion liquid of the MFC and adding to the 
dispersion liquid and mixing a 100 % PG dispersion Oquid of the SAP so that a uniform mixing is realized in a short 
period of time immediately before the header. 

10 < Enrtxxfiment of a process of removing the liquid component from PG/water dispersion liquid system ) 

[0354] Embodiments of the present invention of preparing a dispersion slurry of PG^er of higher water content 
were descrft)ed in the abova In order to efficiently remove the liquid component from a formed SAP sheet containing 
the PQ and to have a higher oontem of water, such nraans are available as spraying water 1^ 
IS stream fkMTing down the sheet in thin layer k^rneans of a flew coater so that the However, 
if such means is carelessly applied, the siffface of tfie sheet may be norHinifonm. 

[0355] Fig. 89 shows an example where steam is used in place of water stream as the source for adding water and 
heating. This is an embodirnem of the presem invention showing a 

uid phase by removing the liquid component under reduced pressure the formed SAP sheet containing the PG and for 

20 aftenAfardsrenioving the liquid componem in the gas phase t)^ 

a substrate from the PGAwater medium in slurry of mixed ratio of 70/30 is guided together with the substrate to a fvst 
steam treatment zone where heating and removing of the liquid component under reduced pressure are performed with 
the water coment raised to approxiinateiy 50/50 and the residual arnoum of the PGIowtf guided to a sec- 

ond steam treatment zonei In the second steam treatrnent zone, fifllher heating and removing of th^ liquid conponent 

zs under reduced pressure with the walercontem raised to appioxinriately 30/70 are perfb^ 

the sheet is dried t^ hot press with the comem of the PG lowered so that the surface of the she^ 
the surface thus stabOized and with the content of tiie PG further lowered, the sheet is guided into a hot air dryer to 
remove water together with the PG so that eventually the liquid removed and dried hi^ly absort>ent sheet of the present 
invention may be obtained. It should be noted that in 89 the residual amount of the PG is indicated as a relative 

30 value when the residual amount of the PG in a sheet immediately after it is formed is 1 00. 

[0356] The above<lescra)ed examples are designed to provide a system of making a highly absort)ent sheet by uti- 
lizing a dispersion medium of a polyvalent alcohol and water as a dispersion medium of the SAP and by dexterously 
combining the viscosity and tenrperature characteristic of the dispersion medium in the configuration of the processes. 
[0357] As desafoed above, the absorbent composite of the present invention is such that the water swollen solid 

55 memk)er contained in tfie structure can be formed in any shape such as powder, particle. peOet. sheet and any given 
tfvee^mensional structure and accordingly, the harxiling of the at>sort>ent composite is made easier and the range of 
its applications is widened. When the SAP is utilized as such member and held stably in ttie network structure of the 
HFFM. not only the SAP can be used as it is in particles, but also an absoit>ent of any shape can be easily formed. 
Espedally. fbmied in the shape of a sheet, the SAP can be made thin while having an extremely high capacity of 

40 absorbing water, and the thickness of absorbent products such as baby and aduft 
ucts can be minimized to the limits. 

[0358] In the present invention in case an absorbent layer of a composite absort>ent provided at least on either surface 
of a supporting sheet is conrposed of three coniponents consisting of ttie S/\P partid^^ 

f foers, the SAP particles among themselves and the top surface of layers formed by the SAP particles are covered in 
45 networic structure by the shortK^ut staple fibers whose fber length is 

. des so that the SAP is taken in the networic stmcture whereby, eren when swollen with IquU, the swollen SAP particles 
can be presented from coming off. 

[0359] Further, the absort>ent sheet of the present invention, unlike conventional absort>ent sheets, can exhibit the 

capacity of absorbing qunkly and stably many times body exudates discharged in varied ways and irregularty in temfis 
50 of frequency depending upon environments and living conditions, in addition to being of excellent flexibility. BesUes. the 

absorbent sheet of the present invention very qukMy absorbs a discharged Ik^uid first time; but also similarty very 

qukidy at)soibs second arxf third times of repeated discharging. 

[0360] In additioairi case a cfispersion rnedium system conposed of a polyvalemakx)hols 

hd/water sy5ten\ polyvalent alcohol being highly viscous at tow temperatures and togarithnvcaDy reduced in viscosity 
55 asheated,isused.fonTtingandremovingolthetk|uidoonrponemca^ 

ing highly ab6ort>ent sheets can K>e improved and tfie cost of making such sfieets can be reduced. 
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1 . A highly absorbent conff)osite comprising hydratable fine f bars in the fbmn of nucrof Iml obtained from cellulose or 
an derivative thereof, and water-swvellable solid particles, at least part of the surface of each of said water-swellable 
sofid particles being covered with said hydratable fine f bers in the form of microfaxil. 

2. A highly absorbent composite comprising hydratable fine f bers in the fomn of rraaoft)ril obtained from cellulose or 
a derivative thereof and mter-swellable solid partides, said vvater-sweOable soGd particles being bonded together 
by said hydratable fine fibers in the form of miaofte'l. 

3. TTie highly absorbed composite of dalml a 2. wheren said water-ewdlablesoli^ 
particles. 

4. T^e highly absorbent composite of daim 1 or 2. wherein said hydratable fine fbers in the form of miaofbril are 
obtained by grinding and sufficiently beating wood pulp. 

& TTie highly absorbent conrposite of any of claims 1 to 3. wheren said hydratable fine fO^ers in the form of microf iyil 
are metaboTrtes of micfoorganisms. 

6. The highly absorbent conposite of any of claims 1 to 3. wherein said hydratable fine f bers in the form of microf fcril 
are obtained by microfibnilating acetyl cellulosa 

7. The highly Absorbent composite of daim 3, wherein the ratio of said hydratable fine fibers in the form of microf t)ril 
to said absorbent polymer partides is between 0.5 and 20 percent by weight 

8. An at>sort>ent sheet compreing an absort>ent layer consisting of an absort)^ composite mainly composed of 
hydratable fine fbers in theformof rniadi)ril obtained from cdlulose or a derivative thereof and a^ 

partides. said absort>ent polymer partides being bonded together l>y said hydratable fine fibers in the fomn of 
miacf faril. and a sheet sipporting said absorbent layer. 

9. The at>sort}em sheet of daim 8, wfierein said at)6ort)entoonposfte is partially k» 
a predetermined pattem. 

10. An absort)em sheet oonprising a licpjidpen^ious supporting sheet, and an 

absorbert composite oontaning absorbed polymer partides and bonded on at least one surtax 

sheet, said absort>ent layer forming a plurality of highly absoriE)tng areas which have higher absort>ing capacity than 

the remaining areas and is distrSxited in a desired pattern on said liquid pervious supporting sheet 

11. The at)6ort>erTt sheet of daim 10. which oorrprises said highly ab6ort)ing areas havi^ 
areas of lower absorbing capacity not having said absorbent layer. 

12. The absorbent sheet of daim 10 or 11, wherein said absort>ent layer exist in said highly absorbing areas is thicker 
than the remaining areas. 

1 3. The ab8ort>ent sheet of daim 1 0 or 1 1 , wherein said absorbent layer in said highly absorbing areas becomes thin- 
ner toward areas of lower absorbing capacity aciSoining to sM highly abs^^ 

14. The absort>ent sheet of any of daims 10 to 13. wherein tt)e density of said absort>ent pdymer partides in said 
highly absorbing areas becomes lower toward areas of lower absorbing capacity adjoining to said highly absorbing 
areas. 

15. The absort>ent sheet of any of daims 10 to 14. wherein said highly absorbing areas have ind^nite perpheral lines. 

16. The absorbent sheet of any of dairns 10 to 15, wherein ttie pattern of said absoit>emlaye^ 
having indefinite peripheral line 

1 7. The absorbent sheet of any of daims 1 0 to 15. wherein the pattern of said ab6ort)ent layer on said liquid pervious 
supporting shed is a gathering of mutually independent island areas. 
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18. The absorbent sheet of any of claims 1 0 to 1 5, wherein the pattern of said absorbent layer consists of a combina- 
tion of rows of island areas arKi band areas having a varying width along the lengttiwise direction. 

1 9. Ihe absorbent sheet of any of daims 8 to 1 8, wherein said liquid pervious supporting sheet is a hydiophilic non- 
woven fabric. 

20. The absorbent sheet of any of daims 8 to 19, wherein said absorbent polymer partides are a corTt>ination of 
absorbed polynier partides of plural lands differed in waA^ 

21. An absort>em sheet having a supporting sheet and a absorbem layer provided on at least one s^ 

porting sheet, said ab6ort)ent layer comprising hydrataWe fine fft)ers in the form of microf toril. absorbent polymer 
partides. and a short-cut staple fber component having a fiber length longer than ttie average diameter of said 
absorbent polymer partides. whereby said absorbent sheet has an inproved dimensional stabQity when wet or 
swollen. 

22. The absort>ent sheet of any of daims 8 to 21, wherein said absort>ent layer contains 50 percent a more of said 
afc>sort)ent polymer partides. 

23. Theabsorbentsheetof any of dairns 8 to 21, wherein said supporting sheet is a porm 
an apparentdenslty of 0.2 g/cmS or lower. 

24. The absort>ent sheet of any of daims 8 to 23, wherein at least part of said absorbent layer is entangled with said 
non-woven fabric at part In the ttiid<ness direction, whereby providing a layer off said nori-woven fabric ato 

layer where said absofbem layer and said non-woven fabric coenst as being entan^ 

25. The absort>em sheet of any of dainris 8 to 24, wherein a further sheet niaterial is bond^ 
fadng said non-woven fabric. 

26. The absort)ent sheet of any of claims 8 to 25. wherein said supporting sheet oonprises a combination of cellulosic 
fiber, and synthetic fiber. 

27. The absort)ent sheet of any of daims 8 to 25, wherein said supporting sheet comprises a first layer mainly com- 
posed of cellulosic fiber having a higher apparent density and a second layer mainly corrposed of synthetic fiber 
having a lower apparent density. 

28. The absorbent sheet of any of claims 21 to 27. wherein said shorts staple fber component consists of non- 
water-swellable f ft>ers having a average denier of 0.01 to 3.0. 

29. The absorbem sheet of any of daims 21 to 28. wherein said staple fiber componem is a synm 
composed of an easy-to-melt component. 

30. The absort>ent sheet of any of claims 21 to 28, wherein said shortH^ut staple fO^ercorriponent is a (x>rTposite fiber 
consisting of an easy-to-melt component and a more diff icult-to-melt component 

31. The absorbent sheet of any of claims 21 to 28. wherein said short-cut staple fber corrponent is rnainty 

of cellulose, and wherein said supporting sheet corrprises a first layer consisting of f bie denier composite fber and 
a second layer consisting of coarse denier corrposite fiber lower in density than ttie first layer. 

32. The absorisent sheet of any of daims 21 to 31 . wherein ttie ratio of said hydratable fine fbers in ttie form of micro- 
f bril (P) to said shortcut staple fiber component (Q) (P>Q) is in ttie range of from 1 /5 to 5/1 . 

33. An absort>ert tube corrposed Ola supporting sheet consisting of a fber web and absort)ertpd 

supported by and bonded to ttie siFface of said supporting sheet said supporting sheet being formed Into a tube 
witti ttie surface supporting said absorbempolyrner component being positioned insida 

34. The absorbent tube of daim 33, wherein ttie cross section of said supporting sheet is of a dose^ 

35. The absorbem lube of daim 33, wherein ttie cross section of said sipportingshert 
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margins of said open ring fadng each other forming a dosed ring by being mutually bonded at the margins. 

36. The absorbem tube of dairn 33. wherein the cross section of ^ 
margins of said open ring fadng each other being nrutually connecM 

37. The absorbem tube of arqr of claims 33 to 36, wherein said supporting 
ponem is supported hK one or more gussets as formed by IWing ^ 

38. The absorbent tLi>e of any of daims 33 to 37. wherein said supporting sheet is a non-woven fabric sheet and 
wherein said absoft>ent polymer component comprises an absorbent polymer particles which are bonded to said 
non-woven fabric sheet by hydratable fine fibers in the form of microf axil. 

39. The absort>ent tite of any of daims 33 to 38. wherein said supporting sheet is an easily extendable non-woven 
fabric which improves the ability of said absorbent polymer component to follow possible increase in volume when 
swollen. 

40. The absort>ent tube of daim 39, wherein said easily extendable non-woven fabric is obtained by stretching and heat 
setting a spun bond of bi-component f3>ers. 

41 . The ab6ort>ent tube of daim 39, wherein said easily extendable non-woven fabric is obtained by bonding said fiber 
web partially on both sides of an elastic net by spun lace method. 

42. An absort)ent product comprising a liquid pervious inner sheet a liquid impennous outer sheet and an absort>ent 
core disposed b^een said inner and outer sheets, said at>sort)ent core comprising a supporting sheet consisting 
of a fiber web and absort)ent polymer component bonded to one surface of said sijpporting sheet, and said sup- 
porting sheet bdngfomfied in the shape of a tube with the skie on wKch said a^^ 

inside. 

43. The absorberftprocM of daim 42. wherein the cross section of said supporting^ 

44. The absorbent produd of daim 42. wherein the cross section of said supporting sheet is of an open ring, the two 
free margins of the open ring fadng each other forming a dosed ring bf being mutually bonded at the marginSw 

45. The absort^ent produd of daim 42, wt)erein the cross section of said supporting she^ is of an open ring, the two 
free margins of the open ring fadng each other being mutually connected by a sheet to form a dosed ring. 

46. The absort>em produd of any of dainis 42 to 45. wherein said absoit>ent core is c^ 
absoft>ent tube and a further ab6ort>ent material. 

47. The absort>ent produd of any of claims 42 to 45. wherein said absort>ent core comprises a plurafity of said absort>- 
ent tubes. 

48. The absorbent product of daim 47. wherein said absoibent tube are different in shapes or cross sectional area 
among one disposed in the center and the ones on the sides of the center ona 

49. The absoit>ent produd of daim 48. wherein said absoit>ent tU>e disposed in the center is partially laid in the top 
and bottom direction over said absort)em tubes disposed on both sides cl the center ab 

50. The absoit)ent produd of any off daims 42 to 49. wherein part or parts of said absorbed 
said outer sheet 

51. The absort>ent produd of any of daims 42 to 49. wherein said absort)ent tubes are oonneded at part thereof to 
said inner sheet. 

52. The absort>ent produd of any of daims 42 to 51. wher&n said si4)portin^ 

cellulose component having water dispersing capability, and wherein said absoft)ent polymer is txsnded to said 
non-woven fabric sheet by hydratablefine fibers in the form of microfibril. 
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53. An absorbent sheet comprising a liquid impervious sheet material having a nunrt)er of dents in one surfece thereof, 
and an absort)ent material containing absort>ent polymer particles received in and fixed to said dents^ whereby both 
leakage-resisting and water absorbing properties are imparted. 

5 54. The ab6ort)ent sheet of daim 53, wherein said liquid impervious sheet material is thermoplastic film of 5 to 50 
micron thidc 

55. The ab6ort)ent sheet of claim 53. wherein said liquid impervious sheet material is a bonded product of a 5 to 50 
nricron thick thermoplastic film and a non-woven fabric. 

10 

56. The absoft>em sheet of any of dainis 53 to 55, wherein at least part of said dents has a porous port^ 

ing at the bottom thereof which allows a liquid to penetrate through said liquid impen/ious sheet material, and 
wherein said bottom is plugged with said water absorbent material, whereby leakage-resislanoe is inrparted. 

15 57. The absorbem sheet of any of dainis 53 to 56. wherein said dents in said li^^^ 
funneHike taper, larger upward and smaller downward. 

58. The absorbent sheet of daim 56. wherein the opening of said liqiad impervkxjs sheet material is plugged with a 
water resistant non-woven fabric bonded to said fiquid impervious sheet material. 

20 

59. Theabsorbemsheetofanyof clainris56to61,whereinsaidabsort>emnfiaterialisco^^ 

partides of 0.4 mm or less in average partide diam^er and hydratable fine nb&s in the fonm of miaof bril bonding 
the ab80ft)ent polymer partides together. 

25 60. Theabsorbem8heetofariyofdainris53tD59, wherein the part of said absorbem material^ 
have air permeability. 

61. An absort>ent product such as bat^ diapers, adirft diapers, incontinent products and feminine hygiene products, 
provided with an ab6ort>ent sheet as an absorbem body mentioned in any of dainris 8 to 41 an^ 

30 

62. A nriethodcfmaldng a highly absorbemcon906fte,compridng the steps ^ 

dispersing tiydralat)le fine f bers in the form of miaof bril obtained from cellulose or a derivative thereof and 
water-mellaUe solid body in a disperskxi medium comprising a mixture of water and a water misdble organic 
35 solvent and being capable Gfsuppresdng the sweUing of said vvater-swdlable^ 

dspersing said hydratable fine fbers in the fonm of microfibril to form a dispersion liquid; 

separating said water-swellable solid body and said hydratable fine fft>ers in the form of microfibril from said 

dispersion medium; and 

remcving the liquid component to separate the solid component and then drying. 

40 

63. The method of daim 62, wherein said cfispersion liquid is applied onto a supporting sheet and then liquid removing 
and drying are conduded. whereby a highly absort)ent composite of absorit>ent polymer partides and hydratable 
fine f i>ers in the form of nruaofitjril is formed on said supporting sheet 

45 64. The method of any of claims 62 and 63. wherein sakJ organic solvent is one selected from a group consisting of 
alcohols such as methand. rthand and isopropyl alcohd. polyvalent alcohols such as ^ene glycol, diethylene 
glycd, propylene glycol, low mdecular weight polyethylene glycol and glycerin and acetone, methyl ethyl ketone, 
dioxane and dimethyl suHoxKle, and any oombinatkm tfiereof. 

so 65. The method of any of damns 62 to 64. wherein the suspension concentration of sakJ hydratable fine fibers in the 
form of micrcftoril in said dispersion medium is 0.1 to 5 percent by weight and wherein the concentration of said 
absorbent polymer partides in said dispersN)n medium is 5 to 50 percent by weight based on the total weight of 
said disperston liquid. 

55 66. A nrtethod of making an absort)em sheet conrprising the steps of: 

preparing a three component disperskxi durry by adding and dispersing a short-cut staple f ber component 
and absorbem pdymer partides in a disperBk)n liquid where hydratablefi^^ 
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dispersed in a dispersion nnedium; 

forming a slurry layer by spreading said three component dispersion sluny on at least either surface off a sip- 
porting sheet; and 

remcving said dispersion medium ffrom said slurry layer and then drying. 

67. A nriethod of making an absortient sheet conprising the steps of: 

preparing a two component dispersion liquid ty <fispersing hydratat)le fine ffbets in the lonn of mtcrofft)n1 and 
absort>ent polymer particles in a dispersion medium; 

forming a first slurry layer by spre^ng said two component dispersion liquid n at least either surface of a sufy- 
porting sheet; 

forming a second slunry layer covering said first slurry layer by feeding a dispersion liquid where a short-cut sta- 
ple fiber cornponem is dispersed in a cfispersion medum from the top of said first d 
renrKsving said dispersion medium from said first and second slurry layers, and then drying. 

6a. A melhod of maWng an absort)ert sheet conrprising a supporting sheet, a first fayer a 

hydratable fine fibers in the form of microfforil and a short-cut staple ffoer component, and a second fayer oonpris- 
ing three components off absoibempolynierpartfoies. a hydrataUe fine ^ in the fonm off microfavi] and a short- 
cut staple fber oonrponent said first and second fayers being laki on M 
in desired pattern, comprising the steps of: 

forming a slurry fayer by spreading sakJ slurry where ffiydrafable fine fbers in the form of mforof ibril and short- 
cut staple fS>er component are dispersed in a dispersfonrnedium so that sakiab60ft)em polymer pa^ 
covered; and 

renrKJving sakf dispersfon medium ffrom sakJ slurry fayer containing ab6ort)ent polymer particles and then dry- 
ing. 

69. The method off any off claims 66 to 68. wher«n said short-cut staple fiber component is thermaDy fusible f bars, and 
whfoh further comprises the step off heating and melting saU staple ffber component at the mating or higher tem- 
peratures, in or after saU step of removing tiie dispersfon medium. 

70- A method of making an absort>ent sheet t^ving a Iquid pervious supporting sheet and an absort>ent fayer forming 
a plurality of highly absoft)ing areas having a higher absorbing capacity than the remaining areas distrfouted in a 
predetermined pattern, comprising the steps off: 

preparing a dspersion liqukl in the form off slurry containing absort>ent polymer particles; 

coating the surface of saxJ liqukJ pervfous sipporting sheet with sakJ dispersfon Ik^ukl prepared in sakl sus- 

pencfing step so that a plurality off high absorption areas having higher at>sort)ing capacHy t 

areas and distrfouted in a desired pattern are fformed; and 

drying the absorption fayer formed in said coating stepi 

71. The method off cfaim 70. wherein in said coating step the suriace off saki lk|uti pervfous supporting sheet is coated 
with saki dispersion liquki by pulsaling the ftow off sakl dispersion riq 

72. The method off cfaim 70, wherein in sakJ coating step the surface of saa6 Ikfukl pervfous stJf)porting sheet is coated 
with saki dispersion Ik^uki through discharge nozzles each having a plurality of discharge ouflets. 

73. The method of claim 70. wherein the route of feeding saU dispersfon fiquki into saki discharge nozzles fa partially 
or wholly pulsated. 

74. A method of making an ab6ort>entshe^ comprising the steps off: 

feeding continuously a slurry containing absorbent polynr)er particles onto a lk)uid pervfoi^ sheet material hav- 
ing a number of dents with openings formed in the bottom thereof, whereby filling up saki dents with saki slurry 
and leaving onhf the sofid a>rTiponem in sakf dents by alk)w^ 
rial tffvough sakJ openings; and 

removing and drying saki sheet material and saki soiki conrponent 



EP0947549A1 

75. A method (rfmaldng an absorbem sheet (X)n^^ 

preparing a dispersion liquid in the form of slurry by dispersing absoifoent polymer particles Into a dispersion 
medium consisting of a water sdMe polyvalent alcohol whose dependence on temperature Is high or a mix- 
5 ture of said alcohol with water; 

storing said dispersion Gqiid whil e keeping a low temperature to maintaining 1h e visoosHy of the dispersion liq- 
uid hig^; 

forming said dispersion Gquid bito a sheet; 
10 removing said dispersion medium from said sheet; and 

drying said sheet to form a highly absorbent body; 

wherein in said storage step said low temperature condition is kept to maintain the low viscosity, and the 
viscosity of saM dispersion liquid slurry is towered by heating said dispersion Iquid in succession in the 
process from the transfer of saki cfispersion Iquki lading to said forming step up to said removing step. 
IS whereby the disperston of sakJ dispersfon Gquid in the form of slurry is stabilized and the forming and 

removal of solvent are canried out with ease. 

The method of claim 75. wherein the temperature of said dispersfon liquid is kept fow while dispersed and stored 
so as to remain stably dispersed with a high viscosity, and wherein the viscosity is lowered by heating or adding an 
amount of rater in the process leading to the removing step whereby the forming and the removing are carried out 
witheasa 

77. The method of claims 75 or 76, wherein said dispersion mecfium is a mixture of a polyvalent alcohol and water, ttie 
ratio of the polyvalent alcohol to water being S/1 to 5^. 

25 

78. The method of any of claims 75 to 77. wherein the concentration of water to sakl polyvalent akx)hol in said disper- 
sfon medium is inaeased in suocessfon in sakt preparation step, said forming step and said removing step. 

79. The method of any of claims 75 to 78. wherein sakJ dspersion liqud contains a short-cut staple f ber component 
30 coexistent with saU absorbent polymer particles to make a co-dispersion system. 

80. The method of claim 79. wherein sakj short-<:ut staple fber conponent is hydratable f ine f foers in the form of micro- 
fibril finer than sakJ ab6ort)ent polymer partidea 

3S 81. The rnethod of any of dainrs 79 and 80. wherein said staple fiber con^^ 
partide diaineter of sakJ absorbem polynrier particles and is fforo^ 
3 denier or less in diameter. 

82. The method of any of claims 79 to 81 . wherein saxJshortHXit staple fiber cori^ent is a connbination of hydr^ 
40 fine ffoersffi the form of rnicrofibril shorter and finer than the average par^ 

partides and of fibrous material having a ffoer length longer than the average partide diameter of saki absorbent 
polymer partides and of 1 0 mm or shorter in length and 3 denier or less in diameter. 

83. The metiiod of any of daims 79 to82. wherein sakJ polyvalent afoohd is selected from a groip consisting of ethyl- 
ene glycol, propylene glycol, cfietfiylene glycol, trietfiylene glycol, low moleciiar weight polyethylene glycd and 
glycerin. 

The method of any of daims 79 to 82, wherein saki dispersfon lk)uxi in the lk)uxi feeding zone of saki fomiir^ step 
is kept at a temperature of 30^C or higher and 20^C hi^er than the temperature in saki staage step. 

The method of daim 84, wherein heating in saki lk)uki feeding zone is done by directiy blowing saturated steam 
thereinto so that ttie solventAwater ratio is acQusted by the effed of heating of ^ 
Bquki in saki Ik^uki feeding zone. 

55 86. The method of any of daims 75 to 85. whereni the forrned sheet obtained in saki fom^ 

steam treatment apparatus where heating of saki formed sheet and water displacement of saki polyvalent sHctiM 
are carried out whereby liquid removal is iadlitated. 
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87. An apparatus of maWng an absorbent sheet comprfe 

containing absart>ent polymer particles in a band pattern on one surface of a liquid pervious si9)porting she^ run- 
ning continuously, and means having a mechanfem ibr pulsating the flow of saU dispersion liqud in the form of 
slurry for feeding said dispersion liquid to said nozzles. 

88. An apparatus of maWng an absort>ent sheet, comprising a plurality of nozzles having a plurality of discharge outiels 
for applying a dispersion fiquid in the form of slurry containing absorbent polymer particles in a band pattern on one 
surface of a Bquid pervious supporting sheets mnning continuousty, and means Ibr fMing said dispersion liquid to 
said nozzles. 

89. The apparatus of daim 87 or 88. wher«n a heat press means is provided for pressing said fiquid pennous support- 
ing sheet and said slurry under heat after said dspersion liquid slurry is applied. 
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